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*©'J »S ^Ja©(l $ ttttW * C 4 *o 

[ o 0 6 4] wtoommt hxw& 4 * 

X 0 § 4T.fc^i>^?Sl < uncrocavi ty) -S C 4 © 
T* -SH 4 fiHr » ftlldKtt . ^ * >*7*5 
<T-SC4tc c t:fj, ±ett^5Ni(E>*dd1»AM. (M> 
Si,l i g©<JTii^^g§v4=&^3?<-3--&C4^ffi*. cn 

[ o o 6 5 ] * c rittwaaww 

fe 0 ©(«^Sli i SlSS*iSf«>^?ia[«:S(±t*i^J: 9 1S< 
^•SC4^pJ^'C4>4. 

[00661 05 It, (14 Kftl/fc £ 5 ft *3*K T 

[0067] *^7*>6. »7l*Wlf< «r*S. «W 
ffikrtliS < a ^©T'. H 3 { a ) ©^Si i 0 ? 4tb^ 
30 r. C©H5©^id2 0 7 4=«2 0 9 4it±Tie©^* 

[ 0 0 6 8] Sf*©®fRK^&@gj 102, 1 0 3 © 
M&<Ottrt-i-&± * ^ t&M 2 0 7 © £ ^ cc ft D . S# 
©ffi^tc^-?' 4 «S©ffig|©it*^3 <r » 4 0 9 © 

[ 0 0 6 9]-*, HI ( a ) ^H3 ( a > ©-£!&« 
1 KC^J:^ftmte5fl , ^^^Tii©^7LSll'S:('F'5*^ 
iC-Ot,*X&*<Z. *©»l©*ttliJJC©4to*J. Si*l 
40 ©^^©*^*>?iA,fl3©^Ai?4ft^* h 

[ !) 0 7 0 ] « S©*ft«y?©4 fe 0 . tt««>^JQ»« 

M^jk^iTFt i HRnftPittfba«?fi^n«« 

[0 07 1 ] *tc, ?fJigU^^Ai?b^«@?&1glt©^ 
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[ o o 7 2 ] m 3 <Dismt . -ussm mfcttm * o 

fcWSWW*. 193 <a> . H3 <b> tc^TJ^&Sg 
*>-3£*LftH*SI8lttJK 4. 

[ o 073] m u ms? x r ©j£cfltc*i&cE>#fla: 

04*184 KSUfc*S©**JWflt?*4^. 
[ 0 0 7 4] JWC, 01(c) K^fc»&»t©ff« 

[0 07 5 ] S i -5 *^©«fc5ft*iite:BHfcl/C*t*« 

©>I]ii^r^3|->tT&ii#-r4. ftMMNK 

ft* h US>X h ?A>,'{J->r-i^. fffliRCRDVI 

[ 0 0 7 6]-?** - >*tt*L.-C, »-©S#2 
6 £feO liiaco-r*>tI*>ii*(C 
tot*4 K-X«*2BB©4* >tt*i^fctoc*4 K- 

xBttnen i o^of-i cp'o^ii/r. utm 

[0077] yttc, *#wncjgi'&ft4»'&*ft©»iii 
^c^^rKW-rio -fflti/triai (a) rewofc 

tS^SWt * S*6f 4 « * r SWT4 (C , m 6 

(antftii »&fcAbxm-<Dw\ti<j>®mwm 
[ o 07 8] *ur, tts&sttiiH o u> > tc*<r £ ^ 

tKi*34>;m 3 7 *ittti»Jtl»lll&£i'*, 9FB** ? 
*>y«J:*)8lSB*tt*T4. *l/"C, *WCIt*>t: 

r. @6 (c) K5i"rj:5tC**«r*fflftWT4B4«: 
ffl*fc8*2#?f&tt4. 

[o 079] ±r*«nfe©s^©ii^icii, wgmv». 

[0 0 8 0 ] *^(C^^WS5!3^^t©^|^ 
t/Ttt, 1*WT7 - 3 0 2 8 8 9^KB5iSnt:i» 

4*$&hiiee. gi-jjio. hajk. mux, mes, ?£ 

ttPft, 9 4 +-* ? t 4"©*t "? ©#&$>, t$a? 9 - 
7 5 4 9 8^W:t:«*l/te<fc^ft, tt93*>Sftfc|lia 

R * ft W 4 C 4 K J: 9 . tt 0 4 ft JKr 4 

9HBfWKC to(, >'C*g&©S|JHcc ^SSIT 4*&»RJ1! pJSS 

r*4. 
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KAOjaraiwrcab*. »M4r4*h*j:o*a. Sff 

*S1*S>** h^&ET4C4#tii$4 0 
tiqttftBfl£>*9 H*. J: *)iHE«lfc 

1 0 0 - 3 0 0 0 k e f / c m 1 4>*E«E)flfcfte 0 . 1 

- o . 5 m msg©£s©iii » ✓ x** &*jht s c t 

Jgg»JtftBA4) . Jul, ftlKMftJKCDI^, ttttftlTG) 

!>«>tm*£«9«>eQl/4*|li&;*«e&. * 
4C4t?^^fc, 

[ 0 0 8 2] *^©*f±©?ln©fi5B£^4 U-C> ■? 

20 $ir-#-i>x^ twHr 4 c 4 (<: cf: 0 , DL&Wt* 
<MW"4C4#?I*t?ab*. C©»^. ^TttO^tHi 

•t-c/aatc, etto + -*-v*? ht*«fs*4. T4 
4 * ih-t-ii©sf4i±. mm wmwaftjwwstt ^ 

f04^aMHtt t/TtoST. RffcH© J: ^ ww^ST-e 

©*p^*a*)*t'ci'4ii^'c€, ■? * - * ? r t? 
*r»m««*«^ii*isss*i/fca. * 

30 rc^|f*4. 

[ 0 0 8 3]* * I -CttWB 
3 tVC <f * ->fc**t?»*43», ^ ^W©j|JiS©(a 

f*c4 4>a*4o c©»&, mmm#m<?i*\i 

^T4C4fe<. *fe»jSB©*jH(cyji-y«:§*4C 
4 §i< 4 C 4 aft* pJ^-Cfe 4. 

40 [ o o 8 4 ] c ©^cc, c ©ftmttggffijom^^ -? 

fc3a*TJ*<f<. ?A#:KJ;4S6 (a > td*L/A:4>©4 
Is] i; -ff0fH©»ft 4 4 C 4 *>m*4 0 St o C . C 
©S)^it8!f 0 ^biiSi*:©PJMtC(Hlg[l^^ -?"Ci 5 x h 
*»S#r4Ct«:J:0, A 

jw»**«^«: k*^t * Kaawwism? #4. c ©»««; 

^<C|6S $ tf «fc ^ 4 r 4 ft fE> «, jf Sttt*©Mfi©£ 

mz&%iX'\t%<e!iMX'$>z>i3&m u>* 

[ 0 0 8 5 ] la? ii-W^{c^^f=>n4#«#:gf±©iS 
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««3*iffltr4. 4 0 3. *0 4&$&* + ?9K.J: 

0 8 «*H,"CS834 0 9 tWkU. f- Y a 

T\ tt*©xe-KTB(E , r4C4»J'C*&. ffc, ft 
f#A4 0 3 1*^7 'J > 94 1 1 fc/lVCxSHM 0 9 £ 
#*U fiWCStt#4 0 9 4©HKEI||><*4 1 2 £ 

ix? * c t vwm 4 o 3 imam 1 * & *n **« 10 

[ 0 0 8 6 1 * r. &£fttt 1 &&§j««>b*>4 1 3 K 
«t6 5*tc-b ? h L/, ft8^4 0 4fc«S/ft»3-tt 

&. mm* 0 4i*, $ aaum e> 4 1 3 
Kit 6^^- ci-c, ttttttt 1 **sut®#r * c 4# 

T?#*. *K. fttt"4 0 3£fedftttl#. KS/ft 
fttiZV^TV^tfA 1 lK<r6-»'C^M<C||SS 
■ti*. C©H#. fgf#e4 0 3lt, Etf;<*4 12KJ:*) 
■&7&<>Z?}-ftfc!) : '2>o C ©4 * , Ett><* 4 1 2 t£ J: £ 
#C. 4Mttl*&ftiM4 0 3fti||6nttl*fl. SMI 20 
><*4 1 2©M*^4, 014114 0 3#tt&fttt 1 &® 

[ 0 0 8 7] JWC, 9 * - *-S>* ? h #>7'4 1 4 tf> 
5"? *-*-t>* I 0 2K>k£3M*Jii* > * 

S' +9*406 ^H^trtt&fttt 1 <7>ii]StC * 

* - 9 hsxAA o 2^^»gan./fc* <uts 

9 h*> C©», ftfc*4 0 4 

&|5ife£-fi &C tiCX *J . t*&fttt l %e?ftj$A4 0 3 

-tt *. + i>* » K frdtttt 1 © 30 

[ 0 0 8 81 c ©#, ±J8 tsfcft cc:. tKHttt IK** 
icItfWCMtQ , * ft, ft5#ft4 0 3 
1*. U&ftttl£ftJvl/&*'b, ti*l*KAiSHHf»ri' 

[ 0 0 8 9 1 * &«6B'«'-sa#4 0"C . **IWi1rt\ 40 
7*3-*tt4'«>1rtW&8*"7?R. iiWi'CI, * 
£<,>4**Kffca 'J * Mtii<D?)\,t7 'J *4>fea>£||RIW 
*»tTOKi » WMWW>**<fttt £'4>^pI 
ffrC«&. S6K«6ft4l/-ca«, MWA, 

Ti 9 yffffl*»-?3tf*1>^9X-?*liti*C 4 
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diet*, guiais £aJtt©»i-ts^tt»aK , ?sft®ain* 
*t*t:»iiBiwtwi/itif tfltr* a 5 &, 
eassic^ c/Usa5tt*ftfc*TJa < c 4jw»« u^. <j 

IKtOX v i>Z HSR 0 L/'C 4.5 < C i K J: -5 tT&RK C © 
*&#»«WT&C 4#M** 0 
[ 0 0 9 I ] •? *- * - 1> * h «[XlAiMt«MktllC J: 
»i. *&itttffiE. ll^i^D. «/Ui. 
jfeflElttD, V -C +^7 ? Y % <Diko>m 1 *#U»ff ^> 
C4KJ: 0 , tS&ftWK*6*0»«S*l/t:ab*iMBB 

^(ae^imtt «** afcft©sm*»** ^jm® 

«*©-C, ttHI4 l/T^HBaKfflST^ft^tftoWy 

ft 1 » 4 at t, >m&M>> z>. am*. 

[0092] cn&mmztci&ic. mnsfitis* 
h 4 ftimw&i vtt < * nw?f©sn»« -cow 3 n, 

lift Z©*fts»i|in* C 4 C < fcfctCjjfe 
ft«DEA *"Pf * 4 MPtt&tt I * 4 i » ^ t> U > 

[ 0 0 9 3] ±E©Aft»©*lir*ft , Cl*, 

#i*«R«tt©Wi o *ta*«ft©fta»tt«j«s nfeus 

9«>5MnRWCBfto< S9<;4Pl'fitr«l|]a(««. c 
JC*»(**»**«:^* < t/?9ttl/J}< l/Tt>*©fflgi 

l»<c 4 

[ 0 0 9 4] &&0>mmiC*H,>X, $®&&%i£?Z>tc 
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£C£kj:v<:. m&maMtim&W?, ttzatis 

*) m'ht, BK&dBtt©£jAxs©&4i vsmim. 
kb? (c*hmb#B wsnft o 

i o o 9 5 ] *m%^.mm%<D'4m. c©»&* 

[ o 0 9 6] fig^tmrnvmiistcmwrnm^z 
< ami)**.* < ^vK^mvit. Bmwmmm 

B*B< 0XfaSttfiV&1&»mTT&J: J iK.-ir&. s 

l»<. 

[ 0 !) 9 7 ] C 5 OX ^Xh^m^^CS 

s (ctt^ne t/fciBBjw&'©r£BA©fflttB** 

<t xsicuhe c ©&&&££#*#&«: j: ?=> 
3 n& & ©r* 0 &a£#tcttijfi«fei- 
k»(b* towi ^^©BBSrift* *:»<c (iiJaitf*© 

[ 0 0 9 8] £B*£*U^?T5fc©©ftfrB»*l£< 

©«fc 5 Kl^«f»M63 A*Btti^£©|!&&»B©Bl#© 
< 2 2 , 2 3) tUM&m&Mit Ul>. CdMtt 

m^imt^(D^^u:^xmmK-o>m^m0^ 

3<r*ci*itt«fl*SeK:3eS'C** e 9tt£B#$ 30 
?l«©*3 l*B 2 3 { Cft**fi±£*LBB»-B±lfc 
?*. > i, **(,'JI2 2 (cntRfiLhSfflJBIi*- 
B£f*?£ e > £©»BBBK«c-5 , Ci»*»&. £?L£ 
© , h3t»JS2 3 4* CTM< bA&(C <£ 0 CjA 1/ . 
fftf b£SB&* £ < (./ X&Jl&OjzZ *, >B 2 2 £ |Sj (.', < 
PMEf bOgcc <fc 9 BiArtitffJ: (f » 0 
[0 0 9 9] *^#&#«*BJfct/fc± C6K 

i . ±aa*?iRB*a! 2 2 ©£?l& i*«?jS©* # s k 
B£aftB»-B2 3 ©MBWBc*»?n&»t|Et»&, 

±l8^?l«ja*ZJS 2 2 ©£JUfc»B < &&ffl|4#*> 

<bxi><t. ±&&nggma=Mz 2©»?ug£ff < 
[o i o o ] h t/»?utB£ai©ft:aBB*-~«(c£ 
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-r*Bzs©£*L* {«) ©Mfiaa-CA*) , ^tLHJl^ 

— B «M* C ft£tt*fcfc££5LRfl»=B*« 
^C*&©t?i*«t< , IfflJMB-BaBtttfafflJtB 

»ZB©^fl i (tKfii**^**Cii*BJi^ v C*S. C 
QftVUUMflflfr y * i XMt%£lC \m*nx * "C I a 
l/»lsft&?*c:&<. *OPS i©BB£lift 
flj^4 I ©F" ^^VA^giSn-C^O. ?1©*B©?L 
BBWfF- 3 ntti*. ^LftSi©*1B 

©*«K«»S ti&«C»*s**. 
[0101] CCD*ftflrt©F" -<*>fl!«B«W*M: 
ftK <C&BS©^»« ASUtit , JP-B©?lt*- ^ XP 
n©fiSyttto%»-B©W*KftffT*4*it6n 
6. TtttofeBfifbatc J: ^TBbIS n^^TLHB^- 
Ja g *»*©*©*?LBB«/aK*S! 0: -V * >©Bj8* 

[o 102] btc&^x. nmstitc&imEm-m-ifi 

*©*«E»flJIB©BJl»c F - -/ * >Bi3«D9l4 

©w s « v*K&t»* o ^fc bowBffr «. c 
r-r«* a xonmwznzDK »+-cb»* 

ii^Ti , *-CK«fl*»#©*?lBB©ff J: 0 F ■ 
^ t >©?i® £ f*^©-' ^ y x *igt> -> r ?L©-y ^ x# 

[0 10 3] B-fi©f?S3Wtttiu-C. 

F" <(*>&!St!imTL. *LO>ft<J>itf%i&$iZ-4 *>X 
SMWS&fiZ Ctit&iX. \l^m.L ?Lrt© S i 

[ 0 10 4] *B, fL^sac^S^c^g < l/'Ci, s 
i BBKBIMKMBB^&Oft^n^ »?U£f*ft9 
tf U 5 f bABMWBA: L/^C U 4 ^ . % o X it 
MMtiMWzte «fc ♦) > * < mt$H£ >> i * 

ate it, ^as^TtB £f bott£ ©fei m±ta©j: ^ 

«(5j6^©F- ■< * >©g»i8«-gt4 ^. -e 

c -c t/±ia^aftasr-B©B $ # . sftHa-ciK 
*©»»©*aHBszB©*?ut«. 

* < r i> c t &<ta*. c n<<: i: o si*sija^©^B«is 

[0 1 0 5 ] *«BI*C©tttCH»fcrt©->t*7i*'«fc4 

^ 6 «ffrB^Bffi« t ^-r ^« , mt$i\& 

ifis\ (,,jg 2 3 ©B $ ^Sf*©«^g|J^ ♦) *>Has|lf^ 

* < C £<<: «t 0 , |5ia^Ljar^ * 1>B 2 2 ©£?l 



[o 1 0 6] -et.tr, m&htctw. H4k*tj:5 
*aHH **a-r * c t * c 5 u r *?Lel©* 
tuc ct *j z-mxnm? *£?i&©* * & hobisa a 

fcCDStflft*. g#*&S|l©£?l£ct: Otc* < C £ 
3S«5Itt , C*&. C©ttfr25lcA«f£©:»fii4, $6l£fiW 

4i*tf r , -f * t tmr * c t « J: o may 

[ 0 10 7] *fc, 3B-©S#iaz©S#©»S*tt 
* £ SI S££«#£ £ aft* * *tf>© $ * - * ~ 

[0 10 8] awe, B8«. JH4l#fcJ:}K, #£«Hi© 

H8 £?L&©l£l'ff?Lfi3l-JI 20 
2 3 £ , C tt£ 0 4> < m8&&#m<< »3HLK 

KCiS, ±E£fl.K»z» s 2 iig#©Jisa5{jiST-© 
*?L**+#aw:») i>%< UfcO , £©)*;£ 4H< i/fc 

6. ^SSZB2 2ltt©iWS^«a«igi'©-c, * 

*>S £, &1Wft- Ja 2 2 cwfr&Wfls ntrs**iaai 
r*. C©H#. 3WLR»-B2 3I*. #»7LSO*tte 30 
S i *»&tt&*4 4©JS"r*P*K, ttAXIg©££4tt 

[ 0 10 9] 

[Oil 0 ] (IdHl 1 ] *3tete«*C4*, 6 2 5 nm© 40 

Na-C*>J:iO ©8 -f >*£©» 1 © < 1 0 0 > 
Sig&4, HFMftif)(C^*rPMEfb)X«ff-»ft. Pi 

£fts£js©ffcs£*ft&ey±tas i w&a&tttmittft 

©WiSifS4&S i &ft<mm#)2£tmi>J: 5 (effort 

[Oil!] imbaftflWTO>£*t)T > ft*. 
[0 1 12] <ts£«?ife; 2. 6 (A) 

MfbAffift: HF : H 2 0 : C, H> 0H= 1:1: 
» v. 
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B#^: 1 1 <#> 

e©* 5 tc uzitm4cmt<»&im®<D$$:$wm$ 
\mi2s. *o>t?*Aaj©??iat«w2 o%. ssas 
©£?Lfts©S3t*8*7i$)i 9 ^ ^o>r-|t?L«gtt3 

0 «? fc. Cfl>«*!ftf*t'fWL'fc^WE>liiartW[> 
a©* 0 § IM-Tfl WttlMKC J: -j "C BK< 4 C £ fti(U 

I*, tcti l/??LS@<^iS(l3S , C'li4'*^feJi2]Sllt>?L 
©*£ $ umta£i£A*tttri*. C ©C £ l*»©Ift 

[ o 1 1 3 ] c essfrKftrnftiM o o 'c-c 1 imb 
^(k Ufco c<DBfifte J: 0 I^LKS i (DIloxHMitim 

o>mo>C V Dtttc J: 0 VtSBS itO. 3 ii mxt* 

[0114] V-*#* : S ! H, 

9 0 0*C 
E/5 : ixi O-'To o r 
.•^Sii^C : 3. 3nm/s e c 

1 0 0 n m©S i OalMrSJAbft. 
[0 1 1 5 ] KS i O, IS«iB£9ltCffiS0A:S iSK 
©«ffl£4a*a^tHi, ttMS-ttfofjt. 1 18 0*075 

4H?CC^(./fc^ecc-b^ h I/, *E 1 0 0 0 k « f / 
c m 1 , AaO - 1 5 fflfflC^W -S> x 7 h 
W*4ff-3 ?<:£ C 6^?L^ S > g^lk C * ^J*A 

#«IBl/fe. »EVS ifl4HF/Hi0i/C 

, H , 0 H£4>x ^ * > yjrcaBRx 9 ? > £11 

i ihhra ? *> y«t«fe*K:rft4snfc. 

H±r«ftt?««. * frt>*>. S iBMk«±K0. 2<iin 

©a«x ? ^cj: ^-cfe^is i muntmh&it 

[0 1 1 6 3 C ^ l/TJf^n?<:S i ostS4*^^as^ 
[0 117] SiiS^fSiStSfiKfSlfifBeuSiDtSJII, S 

A S i ■*9tEKffcB*!f$ai,tt < C ilU#<D8Sm*^f 
5n^o » 1 CDS ! *ift^glSi*^^?LMS i 41*5 
t/ C . <> M ffc©S O ! g«4^4^^cffgf^ 1 ©S 

r f» I 1 fl 1 f ^ttSfH 9 1 **tfe«T'i* ft 9 C. cr i»4T> 
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nstc<> ct i' ) ©8 ^ >*g©* i © < i o o > *<*a 

&afS«:&S i g#©ffili©ig!2&4.s££J: VEfbAit 

[0119] Mf|y«&l*i»KT«!>i4«*J f**. 
[0 12 0] ftattft: 2- 6 (A> 
HSfbAiftft: HF ; H*0 : C l H i OH= 1:1:1 

mm - 1 1 <#> lo 

V>m$\W 1 2 5 * D >?iWWW!>£5Wtfttj2 0« 4 
HcfbaSftTKcftfr-c? I **at*r*» c U ^« 

[012!] 8 (A) 

MMtift: HF : HzO: C 2 H>OH = 1:1:1 
B^- 2 

m.&ku t fc. U*l/S^©HiB»Ctt^ fljfcttfbfc5 
5 9ifi&, *©SS tt 2 5 ■ * n 

[0122] ittih&immm-m<Dmm*&$& 
a*>aai««»a©^* 8fcMittK*ji&nftr>. c© 
ctttawia-cjumiRtttcxiafio^tti'S i ©*«& 

[ 0 1 2 3 ] C ©&£*6g33GI3lFt>4 0 0 "CC 1 
BH t b fc. C ©Kffc (C J: 9 £fl,Jf S i ©fl,©l»9Sii*ftK 
fUB-CWfrfifc. *K, H FSfcTiSliWTl*. 
mxCtiMta*. ft^ &». £?Lff S i ±tCC V Dff K J: 30 

[0 124] V-*#A: S s Hi 
*+ : Hi 

tUK: 9 0 0*C 
JE/?: ixi o-'T o r r 

: 3. 3nin/s e c 

c©it^+i/^s iJI&ficcAUHkKJ:*) 
1 0 0 n m©S i Ufc. 

[ o 1 2 5 ] tts i o, m«mt9ttcfmoits i s& 40 

Q*ffi 4 ttMS-ttfefit. 1 !8 0*CT- 

6nfc»da»t«>t(tsw«BBit, b 1 1 kst. m i 

lKJtflK, tfStfttit. £-©gf± 1 4»-©«t:2 
i©PK. BNbM6 4, MAS !§44, £?L!tf3a- 
@2 34, *%jm:=A2 2£**fv?nJI*&t/. £ 
iMHI 2 3 3 5 4, * ©BS&# 3 6 

4. ^LglOg2 2©<te*>3.#3 3 4, -eofflSflW 

34&*6&«ttlt*iiits'Cl'*. 
r n i *> ft 1 r<rm l l i? 1 > «i i*i » ,'\*£Bn<.,-!«.Jierls 
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^J7J©?3© J: 5 KKf*tt«*#PAl/fc4 C *. 
S i BWOHrLS^ItzatlStt. £?IMS i ftiftflj 
L/fc, &im$ igSrHF/H, O, /C,H, 

OH*© J- * s ^tLITS 

> wmju ? # > y sn*±cc»* ^ tifc. #£?lws 

it. s«^r©<. #*flJlliK*>»**?*->yBI*St 
fe. swm s i AMfflR* 9? > y k d^r <>wtt a s i 
[0127] SMTWkttKJi&KBMftCMCJR, S 
^ S i Ja^ffl{<: ®\m&ifri&L< tt < 'C fclH^©8£^# 

zutco m i ©s i etta&gii&ssHiss i ^ks* 

l/C. ftgl 1 ©S . S8SAS^4 U-CftSl/fc. 
[0128] [-m&3 ] 43aft#fC«, 6 2 & p in© 
J?*tf9-?fetbiSK0. 0 1 £5 • cm©P32 <&*l»tt 
NSS-CbJ:^) ©8 >?fI©M 1 © ( 1 0 0 > Wkg, 

HfkfiKJS©fbii««ftSCX±KS • SS£AS#:4¥t : rwffl 

[0 129] M{bttA#a&T«>&4»Q 

[0 13 0] fbWl: 2- 6 { A ) 
ffi&<b$8ift: HF : H 2 0 : C i H J OH= 1:1:1 
H#^: 1 1 

C© J: ^ OC l/'Cft^l/feg^^^LMSM-d©*^ 
©^3ii^j 1 2 5 >? a >'C+j!ias©#?L£li£j2 0«, 

Si* 3 o % t?* -> tc, ar-*fk!«»wzi<!)(faatT8a 

©*#T5lflHli»'C?T'jfc. 
[0131] 8 (A) 

RHEfkllMgfft: HF : H,0 : CiH s OH= 1:1:1 
2 <$> 

4^Zg©*^©Ji)Iit^ 2 ^ ? D > . > 7IJto*4 0 « 
Sel-C* ^ A:. U*^ l/S(*©JB ia«rc»»?lK«ft^ 5 
5 HBlt. *©W $ it 2 5 ? D >*N-c* -5 fc. 

[o 1 3 2 3 tctcu&iiwmn-M<D£mttis:zit$& 

Xt>WBMbR<l!tfzfS ZiZE&ixmzmZtltm. c© 
C4i*fil©XS'C??LgSSccXIS|©ri-'fet*S i ©#ifg 

[01331C ©StS«r|$^#a^4 0 0 *C C 1 B#fe1 
gjfttfc. C0Vf&CJ:9?7IJtS i ©A^StiC^K 
fW'CWtan*:. HF^acciffefH/. **WBSW>TJ» 
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©ilO 

[0134] -;-7,H7s : S ! H, 

9 0 0*0 
E^5 ". ix 1 o-'To r r 
$fiii&:3. 3n«i/sec 

C©*fc**V+*S i JUtBtcHMHkKJ: t) 
1 0 0 n m©S i O,B*«i«0fc. 

[o 1 3 5 ] bs i o, mmtmcm&L'tcs i s& *> 

©HffiifcSfc^b-ti, ftMS-tttefft. 1 18 0W5 

*E3 0 Okgf/cffl' . ftao . 1 mm<Wfeft , C? 

4 - fi-V* h-JM«f? £ C *£?LHS i 

h»oh$(e>x? *>^T«?***>* r *r&. £*l 
MS i «Mse<oa J- ? ^fftK^T £ x 9 ?•> 20 

it. m&>xis.<. ft&iMBK.httixvi-yymi&t 

±fc0.' 2 ii m©JS*ft»->fcipttas .haw* 
fc. 3tflfl S i ©S6«x 9 ? > y K cfc->T" <>@IS A S . 

JitctXffl&Stftatt^^fc. c } i/ctifenfcS o i £ 

Hl£3*|tJ# S IvC t » * C 4 "WHS $ We. + 
)l S i JMiBKrKf tMfcgitl/ < X fclllf 0>t*!{t#fl 30 
&Wc * 1 ©S i SStftSlSii^g^?LgS i 

ux . i ©s ! m&£k&&t ^x&m utc 

[0137] [W&M* ] 43HkMCtit. 6 2 5 port) 
J»*tl#-jfetfc»ta0. 0 1 Q • cm<!>PS**<r>l£N 

a© & -f > ?s©m i © < i o o ) mms >. s&&, 

5 i §#©ffifli©£i 1 - 3 ftus*** ^ (cfbaasms 

[0138] »«ffaRfly*««T© t i* *) *C* * . 40 
[0 139] ifcfiSei*: 2. 6 (A) 
ffi&fbtt&ft : HF : H t O : C,H s OH = 1:1:1 

■sh-. 1 1 <0> 

c©,*: 5 tc i/-c<krti/«;«f*«!>^?iji»w-ji©«Wt«! 

[0 14 0] ®i&£: 1 2 (A) 

V&tB4\rifti&&l ■ HB - w. n • n. H. OH = 1 • 1 • I <;r. 



ftmw- 1 1 - 3 1 ? & 0 9 
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*stt:H*tt*t*S6n<tc». c©c 4ii»©ifi*c£ 

[0141] t ©ra6£$3l5l*l4>4 0 0 *C C 1 B#H 
Wiitbtc. c©KffcK <t ^ £?LfrS i ©TL©rtfii*J^« 

ius*cat>nfc. HF&sfrcftf^i/. *3fesaa*t?j^ 

*fflUfc», £5L»S i±KCVDSKJ:0iMS*S i 

T©^or-**. 

[0 142] V-X#A; S « H, 

S!^: 9 0 0*C 

E/5: ixi O-'To r r 

$fiilJ&: 3. 3nm/s ec 

1 0 0 n m©S i OiHftftAlfc. 

[0 1 4 3 ] KS i O.H^ffliS'JtCj^^UfcS - Sfe 

>^T^>ci^<, •teM-JBE3 00ktrf/cm 4 , 
fifl 0 . l fflffiC^t"? -flMtff^ 

»«Sn, ??L!^S • jWUfflr*. *©», »?L^S . 
■tHF/H.Ot/C^H.OH &©* » > y at -c iSiR 
y l/fc. |^?LMS i ttHftN 3 J: *J 4>?a<,« 

ift "|©K J- ? 9- > ^*fllK*tT*x ? ^ > ?j££t*. ^i!> 

"csr*"«wy**c4>*. r«*>*, s inukteo. 
S s i ©jgfti ? * > «fc -a r *>^?S^ s i rig itfl 

[0144] iSaS^^^CCjri»iiS^©^*, S 

«H4;o«j# s nx i * « c 4 *va $ x e * * ^> * 
a s i m&mtcmtmmt&L<tj: < x imisw&wm 

6n^c. Sf 1 © S i Wt&W5\ma&ilft$ i 5:1** 

l/c. Hdor* 1 ©s « tfttjuttt* otwii/fc. 

[0145] (XMiflS ] *ft*«Ct*. 6 2 5 p in© 
)I*?:f#-??<:tb35taO. 0 1 £2 • cmOPfi 
NSf*CfcJ:to ©8 -/ >^fI©B 1 © < 1 0 0 > Wl 
SiS®*, HF^+tC*J^trr»Bfba<:?T5. PS® 

fb e UK>(hmss*/±i2S i M^s^i^tf^®© 

6)?ag4:KS i 5#©ffifi©£5 1 . 3 fgi.^^ct: 5 tCffc 
fi> uftl riafiBfJ'fi**.fifci , .*L , i-ir<n> t-*. a. 
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[0 147] fbOBifc: 2. 6 (A) 
fmit&i&ifc : HF : H,0 : C t HtOH = 1:1:1 
H#p^ : 1 ! <#> 

e© J: 5 cc i/?<l&i,fc&fto£?lVl|*HI©<tiAtf 

<w?3j*«je s ?o>t?**aw>*a«i*«2 ok, ■ 

iZm>*?LWB©J531i**rfl8 S *P>, £5L£ii 
2 5541?*^. »-Hffc«»a^lB©fba«:Tl2©& 

[0 148] *Scf£Sl£: 1 £ (A) 

FS&fbA&ft: HF : H*0 : C t H,OH = 1 : 1 : 1 10 
tm- 1 (»> 

£5L!8HSHB©&®tt£?t**^lteJIIS^5L©* 

[oi49]c ©tt«*Hts*is*Lit>4 o o xrc i tin 

mitOtc* C©Kffc«J:9£*UrS i ©?l©rtHt*fcgl 

fw-cafeftfc. HFsatt?**^. **wasw>t?j» 

eiei/fcft, £5LKS i±£CVD£KJ:Q*ttAS i 

TCsIOT'&^fc. 
[0 1 5 0] V-*#*: S • H< 

WK: 9 0 0*C 

JE/J : ixi o-'To r r 

JAftttlfc: 3. 3nm/s ec 

c©* tr* *w *s i m^mcimiticj: *j 

1 0 0 n m©S i Oi**««Ufc. 
[0 1 5 1 ] KS i OiBSffltSlKJSSt/fcS i 
<W»fflt*3h^t>1*, ttMldlifcfft. 11 80*0? 5 30 

*BM4 1'tckC 6f< ♦) tt*l*©>aB S • 
ffibfc, £?ISS iJBfcHF/H^/CH, 

S i»ft(LhtcO. 2jiat©J*»*tt<»fc* 

s . a^titcd &. shuts i eafcx 9 ? > y 

[0152] iiia^^^CCl^ltfriaiaS^^, s 
MfeHKfv £ Jvci * 6 C & #W8 $ ft fc, * e * # !/ * 
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i/c. b&* i ©s i m&M&gLt. Lx&mutc. 
[0153] [$m.m ) txturct*. * 1 ©¥**» 
S i StittfflK . t/rftMgflft J: 0 2 0 0 in n 

omttm { s i Oj j§> ejBAofc. 

[0154] CCdSflSRSiPS s 8«4>K«r&J:3 

fc. cftejvc, 9tffim±ux*<Bifi, mmm 
ic <fc &&&m t t, xwts&s titc. c ©a»-e a £ »w 

B-©flkftTS*©HjZB|i 1 0 mm©SEHCffiJ^ *> 

ttAtff cnK j; D.iia^©^ +>gEAae+* 

^©^2fei^£^?<:„ 

[0 15 5] ±ta-/*>&Af!t a^S i O, JSftiSiSlj 
KfflSl,fc»2©S iSfS©*IBi*a3^tHJ. 

[0156] ±ia©j: unwsnfc**) 
<St«W»tft?f*l*t/, 4M>M©H*)K:BIKd«'7-7 1 n 
jaSW*6tt»J &t?H*a(C^ffic*E3 0 0 k t p f / c m 

[0157] «©tt*. 5c*»-©8i**iHK»**n 
fcS iO, «B«ttAV. fcJ:tf0*JI©-*** 
2 ©WKfi(C9R$nA:. Id 1 ©Sfe^Micli^^S© 
« 0 ©«»3Wai o ±l2^ME©fLhlB« 2 ©S«g* 1 

o o o'crri-.'H, *©JMi2©lts±tc»»sn 
fc»«i*CMPj6Btwesiot:»*u, ^ffl?:¥mfb 

[0158] T.-a^fe, S i KftfthK 0 . 2(t i»©» 

» r . i o o jSiagrwt t/ i c *> . wm> 
1^—141*2 0 l i\m± 7 ft i»t?*-3fc, 
[0159] 9iM?WMk(C J:«IKinug©tSjR. S 

. »«:ii«ffcJCuiiaxiiatt«A*n'C4«i5r, Afffttt 

JMiAWifr S 4VC I > * C i sMUB $ ^fc. 
[016 0 ] 3 etC^^-C 1 1 0 0 'C'CDMfiBt 1 ■# 
HtTtr », ^fflsM 5 ^rlR^ P^^f»i|-Ci¥«li Ofc i C * , 
5 0 j« m ^©^^t?©^ 2 StB $ i*^ J: <- 0 . 2 n in 

[0161] Bibttit, *K**w*ji*ircac<, 

M2©StS*aK^.t4L/'Ct>, *©S4K« 

[ o i e 2 ] * fc, ir i ©tttifiKsi vtcmmz j- 3 

**7^-/W©*iB«E**l/'CFSOW 1 ©StSi 0 

r a « i » ii^ 2 ©sis 4 u -cftA-r * c t 4. 

[0163] ifSi *^©^B^4 
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[0147] Ib&tifc: 2. 6 (A) 
ffttMI&ffift : HF : H t O : C t H»OH- 1 : 1 : 1 
tiN: 1 1 (»> 

CO J: *> K l/-CfbfaL/felt(*0!)*?lSIIB»-«©«Wt* 
©J?<?!i*56 5 *0>t?4>*tt©£*L*l*B2 0%, S 

2 fc. S-Hffcrt»»:LS©fL'SftTS3©ft 

[0 14 8] 12 (A) 

FSSfbi%8$: HF : H 2 0 : C 2 H i OH= 1:1:1 10 

mm - 1 (»> 

a 3 KMtttSttjri &*tft i ». c ©c <l jtaoDiet?? 

[0149] CCHfi*BHK«ajMi4 0 0 *C*C 1 l*n 
Htffcl/fc. COKfkKJ: i ©^©rtBttfcH 

fM-csttanfc, HF«a-cftj»i/. tt&wftvm 

«MSt,fcR, £?LftS i±KCVD£fcJ:«)*ISAS i 

* 0 . 3 « mi f * * !/ + ^jAft $ tffc. j'MSfttil'J 20 

[0 1 50] V-*#* : S > H, 

* + : H, 
jig: 900*0 

EE/J: ix 10" To rr 

: 3. 3nm/s e c 

1 0 0 n m©S i O, B*«iSl'fc. 
[0 1 5 1 ] KS i OjMiBiaKHSt/fcS . g& 
««RBi*g*»St>tt. ttMd<ttfc||. 11*0*CT I 5 30 

aw©&«*s*u wo at 5. f x^mm 

$r So c } u-cfPsSL/A:^ifefe©si 9£*>i*bi* «n 

BSi^tiSBBgT^gfl>*^^£tie>5 0 k H 2 -ljfc©&#?fe 

tttfc. *©». PiUtS iflfcHF/HjOa/CiHt 
OH*©x * ^T^ftx ? *> ■!>. i£*L?rS 

tcr&£snx.. #£?uts i «tt*©sx ? *> 40 

-rat*?*. siwuiBco. 2 u&wm^m^tcm 
*as i mama?* fc. ^?lms i ©»*u 7 ? > ? 

[0152] ®m&*w&$i<,z£z>m%mo>'4m. s 

.'US i ■*9fc > fflUte]|$tiU'& < X 4>ll&©$SJ£#Jf 
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L/C. #£M 1 ©S » SSSSSiSi ITWlte, 

[0153] [pteme ) *£Mctt. a 1 ©ma 

S i g&SfflK . UrMBMbK J: 0 2 0 0 m n 

©RNbM (SI 0, M) *»«l/fe. 
[0154] CCTtrjSRWS s Sfc+Kft* * ^ 

&. cntcjcvc, ^tttpwtotrBKHtf, $&r*i 
©aiswsrKW^sHeaAi^ttSEA a * >w.&&&m 

(£«»: 42#JB£ UTtMM ftfco C©fft»-BS 4ft« 
H-©&fr-cS»t>Hj38|l 1 0 mm<DGBKB& A*> 

«g©^2fSi«toft:. 

[0 15 5] ±R4*>&Aft, S^S i O, SftfiitSlJ 

[0156] ±ia©j; ur©.«S3 nfctto a***s 

jBlT^&ttO 6*>ttlBK¥ttK*E3 0 0 k e f / cm 
[0157] «©tt*, 5c*J»-©«f**iBK:»**n 

2 ©s^frjtc^Rsn^. m i ©MftHKi&tin© 
«D©«99Btsi -»&. ±ia^t©ffe±ia^2©gft*! 

0 0 0 *CT'T x - A (.„ «©fUI2 ©HtLbiC n 
[0158] "Tfttofe, S i m\tm±l£« ■ 2 » to0>W 

*t»-jfc«Sis i js^^t? g 4 . c ^ i/c 
* o ^c»i»a±^^ s hMNti s i ja©iAn mft 
.t. io o iHtimvwt. btci c x . ja--£© 

±9-141*2 0 1 nut 7 n mT?A-?fc. 
[0159] iSja«^S^^tCj;i>t&rattS©5^, S 

[016 0 ] 3 *>tc*3fr1! 1 1 0 0 •CrUMHE* 1 B# 

feitft sfflffi 3 «ir^ tmmtc w i/ fe i c x , 

5 0 m A©ff i*r©¥fe 2 jfttl $ J: * 0 . 2 n m 

[0161] BMUIU. *e**2/+*B*BTC<*< . 
3H2©lttR*B{C«fly{l/ v C4, -C-©iS^tCffJ 
A 1/ i>lll1i©*S*A^f 6 n^c 

[0162]*^, Ml ©IttfEfllKa r>&^ag$X 9 

"C&-£^l*!F2 ©SIS i 0 -CtgAf 4 C i j»"C* *• 

[oi63] % *< s 1 9*^©iaifWi« 



(16) 



r . x * jib* ^ *>SEAie a&^sw t/ro 

[0164] 

* *M*im*:mmfi>zt*Mikvis&. stem* 

[0 1 66] S6B, ttOStHtfe*****!**©*© 



mz] *mK*&%Lsm<mmm&0&?i&iii 
[05] * jasic j; i^^s^^yL^d^ms r 
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[06] *§&tcii*to±$moQmji&*'MrRt?i> 

[07] htteow^a-cAi. 
[0 8 ] ^iwte < k*^a*t©iSiS0 , c*&. 

[09] * - - 5 £ 4 f bA6ilK>^ttH t?fc 4. 
[0 1 0 ] »-B©B5K*f**SZB<j>£JLg©<m 
B?*&o 

[011] «R9K>-4dl1"licJ:«1f ^mcEHMBHt 1 

[012] u^^^smonnxm^^ wz*> 

1 w.-v>m*. 

2 wz©si* 

4 wirasiis 

6 mm 
1 1 mm 
12 

13 BBS 

14. 15 Vx^juiy- 

16 

2 i m-o>m* 
22 

2 3 *?LHfli-B 

2 4 fttfJiS i B 

2 5 H&0£btf#H 

2 6 KffcJg 

27 m-Q>mt 

4 0 1 *«f4g<*: 
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[011] 
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WKW'C ±*1*tfc4? i^stm 



[ a#« 9 ] m&^&mmmmm&vmzi vim 
omimu swoon i ict&w&>$wtm<, 

«fc 9 4>Ji jfl«f c J: Q ikl4fc#f l 0 Kiaw<t>SliS;£&, 

imwjm&z art v&it sazctic** mz&i\& 



ftetto < u we3«ijs©iE4,»jB©jBiaaw>js 

S*«f*»J:0Ji< I/, *©f&CCfl£fiKT&lilsa£5L&© 

C 4 £^&£-f 1 3 (C£tt©#ilE#& 

[N#fl5l l*£fftffi<l&$n*»t&£K:. 1513 

h"*W*T, MlB??UlK©f&l*JI©JM tfflrt*CH<t& 
W&SCitttat* &Ig*Jf ! 3i<:S3i*©£g;fc*. 

») *S < ?t>®m 1 6 K&tt©#£#&. 
[Ig*Jf ! 8 ] *#:4ifc*tttt*C itdj; ♦} . HtlS^ 

sa*t©$!irfrs. 

m^umm 1 *(c£ii©9iKft£. 

[13*^2 0 j !!£&£&#©»<:, awttswt: 

W2^*W**Pl/tttf 4^©;!j*.4r* J: 5 tt, 03 
Siff^f *>Ig*Jg i 8 K lS}5$©9g;fr& 0 
[ &#m 2 1 ] WEtt£&tti*«# A V 'J2> 
*»i»K*flJMlrr* C 4K J: •? "C3f-?LB«ttflf 'J a 

«ti A^ ya>B*xtrjrts/t Jts£*T « C 4 <£ J: 
r»«« nfcaittlWiCA t^tf *tt*>H I 8 

[ Ig*J» 2 2 ] il£S&ttttli£~©tttt: 4 *=©» 

tH(Xgn»-«Dii««[>#^iit«iji 'J = > mv>& 
B t »f & c 4 (C J: -5 -c »j« s *wt 4©r * * c 4 * 
^4f^s#*« i ue«©0IK*&. 

[Ig*JS2 3 ] BIG9flBP«4 l/t^MW/^ 
flW*— ©afl*0MJr*©g|?3 tc * £tTfcj£t?C 4 cc 

j:o«4>aHe*»*c4<[> , c**^3i-^iTfejA*!t*e 
swaxfi, H«faB-©sf$4i§jias&z©£#t£, r 
sap-©**© * > trx *«W/KBi3»srtfii(c(4 w& & 
tosmtimmhx w \sxm £*rt&xfi. sex 

inetf^tfttoffflictfeft £ ft* tttt -S c 4 ic«fc D , sr 
!H|g£W*0|^£Xgi*W , r*C4&<lfigl4'r* 
ss**! 1 cc£ft©9ft#&. 

Y *>fTfe&*!Sfc*i? l/tt(f*#fl©>b*£r * J: 5 

Sffl-fcs* 



[ig*^2 6j *£H2ip©97Ufc£, 2^i&©fe-'h 

fi4 . ©S# 5 WJlh-C* 1 KffiagG^tttf 

[Ig*Jf27j fiBBB2£|i©$?L&t, £?UiE©6* 
fit. ©SW 1 0%WL±X'$>2>ft#m 1 (CSBSSW>»»* 

[Ig*»2 8] fnaH2tf©»7U£tt. 2«%V±8 

QHVCFfrzm&stiZssm i Kiafc©&*fcfrfe> 

[■#929] jnaH2tf©*?U£<*, 3 5%tLh8 
[MJ&93 0 3 1IB4AIP©9JIA(*5 96IK±3 B% 

&m^mR$tiumm i tciaK©^tm 

[Ig*Ji 3 1 ] fiia4J*g[i©|Jft!ti*5 %ti± 2 0 % 

mm 3 2 j ma9KBfii«i£. mmsmm>m^j^ 
©s-ife*^. 

«(4#i*:©iia^^, 

[|g*JS3 5 ] »-©«l*4*-©»**sSi,»«:ttO 

^HBmii?fift © «**tc ^i^t «xa €^ tt 
i ism 3 6 ] tra^fftiMRMMttifc^a^ o 

Sftm* ♦) 3 5 K£*©*«ft&1*©M 

[Ig*3f3 7 J ftffi^WKASIHBtfblJt^K J: oTfiJ 
HAS n?<:|J?l!gS'C'^^Ig*3S3 5 £&*©£«(*£# 
©Mfi«& 

[Ig*J§3 8 ] fl^&W4#nBP»K'C« 0 . W 

ia»si.^©^tW^^m#^i^? ] ^iJ'Ci5< 

*JK 3 5 CClB^©^«t*:S(*©S3jS^^. 

[ig*3S3 9 ] £l'K£*L&©JWt 
C 4i<: J: riflsa^liiMit©^t«5ff^«g4^fci-^^^ 
!S*«3 5 <cia^»©*«l*SI^©llfi*& 

[Ig*3f4 0 ) IIS9IIBWA©l»fLfi«4>AMA0 *> 

[Ig*3f4 1 J WEftflBmie, E«cJ»S©Pflt** 
^XSttr&C 4(C J: ^^IWWWWtt W-tcr&M 

awn 3 5 K&&<o¥m&mto>n&i7i£ 9 

[ism* 2 ] ffiai^?L!g/l©®5 0 <>H 



(21) 
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JK©H* 6 «f * M£* 3 & K£tt©$ Wttt#0*()i* 

& 

AWEl'll 4 £!***! 3 5 ccsa3i©^«f*gft© 

J: 9 tJi fflarcfc »3 ii5t4i*iS4 3 KiaSs©^f*g# 

[|g*3f 4 6 ] IHB*a(J^l4R0j*S ft**** 

t^iSST?^ 1-^ai!t3cJl4 3tCiaw©#«# 
gf±©Mitm 

[lit*? 4 7 J Rlftffcfi£©«»^€Sfrtt^ftSi4 

&c tic j: fj ma»?L^i&i>ja©fl2ttfcfctf gjcs 
[ is*? 4 8 ] nmnm-v>&\*<rMm 
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(54) COMPOUND MEMBER, ITS SEPARATING METHOD AND MANUFACTURING METHOD OF 
SEMICONDUCTOR SUBSTRATE USING THE METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a compound member capable 
of being separated relatively easily, without damaging the separated 
substrate as well as the separating method of the compound member. 
SOLUTION: In the separating method of a compound member, 
including the separating step of the compound member into multiple 
members in a separating region 3, the mechanical strength in the 
separating region 3 is made uneven in the direction along the 
laminating surface 5 to be attained by the manufacturing method of a 
semiconductor substrate. In particular, it is preferable that the 
mechanical strength in the peripheral part of the compound member in 
the separating region 3 be less than that in the central part. In addition, 
it is also preferable that the mechanical strength the separating region 3 
be also less than that in the laminated location. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The separation approach characterized by being uneven in the separation approach of a compound member 
including the process which divides a compound member into two or more members in an isolation region in the 
direction in which the mechanical strength of said isolation region met the front face of said compound member, and the 
mechanical strength of the periphery of this isolation region being locally weak. 

[Claim 2] The separation approach according to claim 1 that the mechanical strength of said isolation region is weaker 
than a lamination part. 

[Claim 3] The separation approach according to claim 1 that said isolation region is the porous layer formed by the 
anodization method. 

[Claim 4] Said compound member is outline discoid, and the mechanical strength of said isolation region is highly low in 
the center section in this compound member at a periphery, and a circumferencial direction is met, and it is the almost 
uniform separation approach according to claim 1. 

[Claim 5] The separation approach according to claim 1 which makes the mechanical strength of said isolation region an 
ununiformity by forming the part from which porosity differs mutually. 

[Claim 6] The separation approach according to claim 1 which makes the porosity of said isolation region higher than a 
center section at a periphery. 

[Claim 7] The separation approach according to claim 1 which makes a mechanical strength an ununiformity by forming 
in said isolation region the part from which thickness differs in **. 

[Claim 8] The separation approach according to claim 5 which makes thickness of said porous layer thicker than a center 
section at a periphery. 

[Claim 9] The separation approach according to claim 1 that said isolation region consists of two or more layers from 
which a mechanical strength differs. 

[Claim 10] Said isolation region is the separation approach according to claim 1 of having a layer with high porosity, and 
a layer with low porosity. 

[Claim 1 1] The separation approach according to claim 10 at a periphery that the porosity of a layer with said high 
porosity is higher than a center section. 

[Claim 12] The separation approach according to claim 10 that said porosity makes thickness of a low layer thicker than 
a center section at a periphery, and said porosity makes the porosity of a high layer higher than a center section by the 
periphery. 

[Claim 13] The separation approach according to claim 12 characterized by said porosity making thickness in the 
periphery of a low layer thicker than the center section of the base by changing the current density of the anodization for 
forming said isolation region in a field. 

[Claim 14] The cross section to which the ion current in anodization liquid [ / near said base by which anodization is 
carried out ] flows by making it larger than the area of said base It is made larger than the surface density of a current, 
the formation which flows into a periphery ~ the formation which flows the surface density of a current into a center 
section - The separation approach according to claim 13 which makes thickness of the periphery of a layer with said low 
porosity thicker than a center section, and is characterized by making higher than the porosity of a center section the 
porosity of the periphery of a layer with said high porosity which this forms after that. 

[Claim 15] The separation approach according to claim 13 characterized by preparing the current guide which controls 
the ion current distribution which flows into said base front face near [ said ] the base by which anodization is carried 
out, and making the thickness of a layer with said low porosity differ in a field. 

[Claim 16] Said isolation region is the separation approach according to claim 1 which is the layer which can obtain the 
very small air bubbles formed of ion implantation. 

[Claim 17] The separation approach according to claim 16 which makes the ion injection rate of the periphery of said 
isolation region larger than a center section. 



[Claim 18] The separation approach according to claim 1 characterized by making said isolation region produce a crack 
by spraying a fluid. 

[Claim 19] The separation approach according to claim 18 using the water jet method which blows off a high-pressure 
stream from a nozzle as an approach of spraying said fluid. 

[Claim 20] The separation approach according to claim 18 which forms in the side face of said compound member a 
concave which produces the force of the direction which extends an isolation region in response to a fluid. 
[Claim 21] Said compound member is the separation approach according to claim 18 characterized by having the base 
which formed the porosity single-crystal-silicon layer and was formed by growing a nonvesicular single-crystal-silicon 
layer epitaxially on this porosity single-crystal-silicon layer by porosity-izing a single crystal silicon substrate partially. 
[Claim 22] It is the separation approach according to claim 1 characterized by being formed when, as for said compound 
member, the first base and second base are stuck through an insulating layer and this insulating layer oxidizes the front 
face of the nonvesicular single-crystal-silicon layer of said first base. 

[Claim 23] By driving ion into the predetermined depth of the first base which consists of a single crystal semiconductor 
as said isolation region The process which forms the ion implantation layer which can obtain a very small air-bubbles 
layer (microcavity layer), and said the first base and second base so that the compound member to which the field which 
drove in the ion of said first base is located inside may be obtained The separation approach according to claim 1 
characterized by having the process which separates said compound member by spraying a fluid on the process to stick 
and the side face of said compound member. 

[Claim 24] The separation approach according to claim 1 of giving a concave which produces the force of the direction 
which extends an ion implantation layer in response to a fluid on the side face of said compound member. 
[Claim 25] Said ion implantation layer is the separation approach according to claim 23 that a mechanical strength is 
weaker than said lamination part. 

[Claim 26] The separation approach according to claim 1 that the porosity of said periphery, the minimal value of 
porosity, and the difference of ** are 5% or more. 

[Claim 27] The separation approach according to claim 1 that the porosity of said periphery, the minimal value of 
porosity, and the difference of ** are 10% or more. 

[Claim 28] The porosity of said periphery is the separation approach according to claim 1 chosen from 80% or less 20% 
or more. 

[Claim 29] The porosity of said periphery is the separation approach according to claim 1 chosen from 80% or less 35% 
or more. 

[Claim 30] The porosity of said center section is the separation approach according to claim 1 chosen from less than 35% 
5% or more. 

[Claim 31] The porosity of said center section is the separation approach according to claim 1 chosen from less than 20% 
5% or more. 

[Claim 32] Said isolation region is the separation approach according to claim 1 that the area of a part with a mechanical 
strength higher than the area of said periphery is large. 

[Claim 33] Said isolation region is the separation approach according to claim 1 that the part with a high mechanical 
strength has shifted from the core of said compound member. 

[Claim 34] The manufacture approach of the semi-conductor base using the separation approach according to claim 1. 
[Claim 35] The manufacture approach of the semi-conductor base characterized by being uneven in the manufacture 
approach of a semi-conductor base including the process which divides the compound member on which the first base 
and second base of each other were stuck into two or more members in the isolation region formed in a different part 
from a lamination side in the direction in which the mechanical strength of said isolation region met this lamination side, 
and the mechanical strength of the periphery of this isolation region being locally weak. 

[Claim 36] The manufacture approach of a semi-conductor base according to claim 35 with the mechanical strength of 
said isolation region weaker than said lamination side. 

[Claim 37] The manufacture approach of a semi-conductor base according to claim 35 that said isolation region is the 
porous layer formed by the anodization method. 

[Claim 38] Said compound member is outline discoid, and the mechanical strength of said isolation region is highly low 
in the center section in this compound member at a periphery, and a circumferencial direction is met, and it is the 
manufacture approach of an almost uniform semi-conductor base according to claim 35. 

[Claim 39] The manufacture approach of the semi-conductor base according to claim 35 which makes the mechanical 
strength of said isolation region an ununiformity by forming the part from which porosity differs mutually. 
[Claim 40] The manufacture approach of the semi-conductor base according to claim 35 which makes the porosity of 
said isolation region higher than a center section at a periphery. 

[Claim 41] The manufacture approach of the semi-conductor base according to claim 35 which makes a mechanical 
strength an ununiformity by forming in said isolation region the part from which thickness differs in **. 



[Claim 42] The manufacture approach of the semi-conductor base according to claim 38 which makes thickness of said 
porous layer thicker than a center section at a periphery. 

[Claim 43] The manufacture approach of a semi-conductor base according to claim 35 that said isolation region consists 
of two or more layers from which a mechanical strength differs. 

[Claim 44] Said isolation region is the manufacture approach of a semi-conductor base according to claim 35 of having a 
layer with high porosity, and a layer with low porosity. 

[Claim 45] The manufacture approach of the semi-conductor base according to claim 43 at a periphery with the porosity 
of a layer with said high porosity higher than a center section. 

[Claim 46] The manufacture approach of a semi-conductor base according to claim 43 that said porosity makes thickness 
of a low layer thicker than a center section at a periphery, and said porosity makes the porosity of a high layer higher 
than a center section by the periphery. 

[Claim 47] The manufacture approach of the semi-conductor base according to claim 46 characterized by said porosity 
making thickness in the periphery of a low layer thicker than the center section of the base by changing the current 
density of anodization in a field. 

[Claim 48] The cross section to which the ion current in anodization liquid [ / near said first base by which anodization is 
carried out ] flows by making it larger than the area of said first base It is made larger than the surface density of a 
current, the formation which flows into a periphery — the formation which flows the surface density of a current into a 
center section — The manufacture approach of the semi-conductor base according to claim 47 which makes thickness of 
the periphery of a layer with said low porosity thicker than a center section, and is characterized by making higher than 
the porosity of a center section the porosity of the periphery of a layer with said high porosity which this forms after that. 

[Claim 49] The manufacture approach of the semi-conductor base according to claim 47 characterized by preparing the 
current guide which controls the ion current distribution which flows into said first base front face near [ said ] the first 
base by which anodization is carried out, and making the thickness of a layer with said low porosity differ in a field. 
[Claim 50] Said isolation region is the manufacture approach of the semi-conductor base according to claim 35 which is 
the layer which can obtain the very small air bubbles formed of ion implantation. 

[Claim 51] The manufacture approach of the semi-conductor base according to claim 50 which makes the ion injection 
rate of a periphery larger than a center section. 

[Claim 52] The manufacture approach of the semi-conductor base according to claim 35 characterized by making said 
isolation region produce a crack by spraying a fluid near [ said ] an isolation region. 

[Claim 53] The manufacture approach of the semi-conductor base according to claim 52 using the water jet method 
which blows off a high-pressure stream from a nozzle as an approach of spraying said fluid. 

[Claim 54] The manufacture approach of the semi-conductor base according to claim 52 which gives a concave which 
produces the force of the direction which extends an isolation region in response to a fluid on the side face of said 
compound member. 

[Claim 55] Said first base is the manufacture approach of the semi-conductor base according to claim 35 which forms a 
porosity single-crystal-silicon layer and is formed by growing a nonvesicular single-crystal-silicon layer epitaxially on 
this porosity single-crystal-silicon layer by porosity-izing a single crystal silicon substrate partially. 
[Claim 56] It is the manufacture approach of the semi-conductor base according to claim 54 which said the first base and 
said second base are stuck through an insulating layer, and is formed when this insulating layer oxidizes the front face of 
the nonvesicular single-crystal-silicon layer of said first base. 

[Claim 57] By driving ion into the predetermined depth of the first base which consists of a single crystal semiconductor 
as said isolation region The process which forms the ion implantation layer which can obtain a very small air-bubbles 
layer, and said the first base and second base so that the compound member to which the field which drove in the ion of 
said first base is located inside may be obtained The manufacture approach of the semi-conductor base according to 
claim 35 characterized by having the process which separates said compound member by spraying a fluid on the process 
to stick and the side face of said compound member. 

[Claim 58] The manufacture approach of the semi-conductor base according to claim 35 which gives a concave which 
produces the force of the direction which extends an ion implantation layer in response to a fluid on the side face of said 
compound member. 

[Claim 59] Said ion implantation layer is the manufacture approach of a semi-conductor base according to claim 57 with 
a mechanical strength weaker than said lamination side. 

[Claim 60] The manufacture approach of a semi-conductor base according to claim 35 that the porosity of said periphery, 
the minimal value of porosity, and the difference of ** are 5% or more. 

[Claim 61] The manufacture approach of a semi-conductor base according to claim 35 that the porosity of said periphery, 
the minimal value of porosity, and the difference of** are 10% or more. 

[Claim 62] The porosity of said periphery is the manufacture approach of the semi-conductor base according to claim 35 



chosen from 80% or less 20% or more. 

[Claim 63] The porosity of said periphery is the manufacture approach of the semi-conductor base according to claim 35 
chosen from 80% or less 35% or more. 

[Claim 64] The porosity of said center section is the manufacture approach of the semi-conductor base according to 
claim 35 chosen from less than 35% 5% or more. 

[Claim 65] The porosity of said center section is the manufacture approach of the semi-conductor base according to 
claim 35 chosen from less than 20% 5% or more. 

[Claim 66] Said isolation region is the manufacture approach of a semi-conductor base according to claim 35 with a 
large area of a part with a mechanical strength higher than the area of said periphery. 

[Claim 67] Said isolation region is the manufacture approach of a semi-conductor base according to claim 35 that the 
part with a high mechanical strength has shifted from the core of said compound member. 

[Claim 68] The compound member characterized by being uneven in the direction where the mechanical strength of said 
isolation region met the interior on the front face of this compound member in the compound member which has an 
isolation region, and the mechanical strength of the periphery of this isolation region being locally weak. 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the manufacture approach of a semi-conductor base at the 
separation approach list which separates the compound member a compound mechanical strength has the weak brittle 
structured division inside about the manufacture approach of a semi-conductor base in a compound member and its 
separation approach list, and it. Especially this invention is suitable for the process of the substrate (SOI substrate) which 
has the SOI (Semiconductor on insulator) structure which is a kind of a semi-conductor base. 
[0002] 

[Description of the Prior Art] The device which adopted this SOI substrate has many dominance points which cannot be 
attained in the usual Si substrate. As this dominance point, the following are mentioned, for example. 

(1) Dielectric separation is easy and suitable for high integration. 

(2) Excel in radiation resistance. 

(3) Stray capacity is small and improvement in the speed of the working speed of a component is possible. 

(4) A well process is unnecessary. 

(5) A latch rise can be prevented. 

(6) Formation of the perfect depletion mold field-effect transistor by thin-film-izing is possible. 

[0003] Since SOI structure has above various dominance points, research on the formation approach has been advanced 
for here dozens years. 

[0004] as a SOI technique — old ~ a single crystal silicon-on-sapphire top - Si ~ CVD (chemistry gaseous layer growth) 
— the SOS (silicon on sapphire) technique which is made to carry out hetero epitaxy growth and is formed by law is 
known. Although this SOS technique obtained evaluation temporary as a SOI technique which matured most, utilization 
is not progressing for the reasons of generating of a lot of crystal defects by the grid mismatching in the interface of Si 
layer and the silicon on sapphire of a substrate, mixing to Si layer of the aluminum which constitutes silicon on sapphire, 
the price of a substrate, the delay to large-area-izing, etc. 

[0005] Subsequently to an SOS technique, the SIMOX (separation by ion implanted oxygen) technique appeared. 
Aiming at reduction of a crystal defect, reduction of a manufacturing cost, etc., various approaches have been tried about 
this SIMOX technique. On both sides of the approach and oxide film which pour in and embed oxygen ion as this 
approach at a substrate, and form an oxidizing zone, stick two wafers, and the wafer of 1 in all side is ground or etched, 
the approach of leaving a thin single crystal Si layer on an oxide film - further After driving a hydrogen ion into the 
predetermined depth from the front face of Si substrate in which the oxide film was formed and sticking with the 
substrate of another side, it leaves a thin single crystal Si layer on this oxide film by heat-treatment etc., and the approach 
of exfoliating the stuck substrate (substrate of another side) etc. is mentioned. 

[0006] A new SOI technique was indicated in the patent No. 2608351 official report or U.S. Pat. No. 5,371,037. This 
technique transfers a nonvesicular single crystal layer to the second substrate by removing a garbage for the first 
substrate in which the nonvesicular single crystal layer was formed on the single crystal semiconductor substrate with 
which the porous layer was formed, lamination and after that to the second substrate. This technique is excellent in 
respect of the ability to manufacture [ that the thickness homogeneity of a SOI layer is excellent, that the crystal defect 
consistency of a SOI layer can be reduced, that the surface surface smoothness of a SOI layer is good, that the 
manufacturing installation of an expensive special specification is unnecessary, ] the SOI substrate which has the SOI 
film of the range which is several lOnm - about 10 micrometers by the same manufacturing installation. 
[0007] Furthermore, these people dissociated from the second substrate, without destroying the first substrate in JP,7- 
302889,A, after sticking the first above-mentioned substrate and second above-mentioned substrate, after that, are 
making the front face of the first separated substrate smooth, and forming a porous layer again, and indicated the 
technique which reuses the first substrate. One example of the approach indicated by the official report concerned is 
explained using drawing 12 (a) - drawing 12 (c). After porosity-izing the surface layer of the 1st Si substrate 1001 and 



forming a porous layer 1002, the single crystal Si layer 1003 is formed on it, and the principal plane of 2nd Si substrate 
1004 with another this single crystal Si layer and first Si base is stuck through an insulating layer 1005 ( drawing 12 (a)). 
Then, a SOI substrate is formed by dividing the wafer stuck by the porous layer ( drawing 12 (b)), and removing 
alternatively the porosity Si layer exposed to the front face by the side of 2nd Si base ( drawing 12 (c)). The first Si 
substrate 1001 can remove and reuse the porous layer 1002 which remained. 

[0008] Invention indicated by JP,7-302889,A is very useful when attaining low cost-ization of a semi-conductor 
substrate, since the substrate with which the structure of a porosity silicon layer dissociates and used the substrate for the 
production process of a semi-conductor substrate once using the brittle point compared with nonvesicular silicon can be 
again used for the production process of a semi-conductor substrate. Moreover, since the first substrate can be used for 
this technique without futility, it can reduce a manufacturing cost sharply and has the outstanding advantage that a 
production process is also simple. 

[0009] As an approach of separating the first base (substrate) of the above, and the second base (substrate) Others 
[ approaches /, such as pressurization, hauling shear, wedge insertion, heat treatment, oxidation, wave-motion 
impression, and a wire cut, ], There is an approach which this invention persons spray the fluid proposed in the 
application number 047 or No. 327 for which it applied to the U.S. on an isolation region, and separate on Japanese 
Patent Application No. No. 75498 [ nine to ] and March 25, 1998. As this fluid, a gas and/or a liquid are used and the 
water jet using the liquid which uses especially water as a principal component etc. can use it preferably. On the occasion 
of separation, this approach enters equally the clearance between not only an operation but the first base and the second 
base with which water cuts a lamination side, and can put a comparatively uniform separation pressure on the whole 
separation side. Moreover, this approach cannot sprinkle particle like [ in the case of a gas ], but can flush it rather. The 
approach of separating by wedge insertion is excelled in these two points. When especially the mechanical strength of an 
isolation region is made brittler than a lamination part, by spraying the flow of a fluid on this, only a brittle part is 
fractured, destroyed or removed and the part with the other strong reinforcement has the big advantage that it can leave 
without being destroyed. 
[0010] 

[Problem(s) to be Solved by the Invention] However, if the reinforcement of an isolation region is strong when it is 
going to separate the stuck compound member using fluids, such as a water jet, and a fluid is sprayed a side face, 
especially near an isolation region side face a compound member, flow of a fluid may be unable to destroy or cut an 
isolation region easily. In such a case, although it can dissociate by heightening the pressure of a fluid, if a pressure is 
made high too much, as the crack advances inside from the side face of a lamination base, it may be divided for the 
pressure of the fluid with which both both [ one of the two or ] which were separated were poured into the isolation 
region. For this reason, the yield fall might occur in the separation process. Although one approach for avoiding this is 
weakening the mechanical strengths of all isolation regions further, and making it brittler structure, when it weakens too 
much, an isolation region breaks during the handling of the base of the heating process and washing process in the 
middle of a compound member creation process, and others, it may not result in lamination, or an isolation region may 
collapse, particle may occur and it may become a pollution source. 

[001 1] Moreover, since the same problem arises fundamentally also when it is going to dissociate by other approaches 
without using a fluid, the yield in a separation process may fall. 

[0012] The purpose of this invention is to offer the compound member which can separate a compound member 
comparatively easily, and its separation approach, without damaging the separated base. 

[0013] Another purpose of this invention is to offer the compound member which the mechanical strength of an isolation 
region could be strengthened comparatively, suppressed collapse which an isolation region does not mean, and 
suppressed generating of particle, and its separation approach. 
[0014] 

[Means for Solving the Problem] This invention can be attained by the manufacture approach of the semi-conductor base 
characterized by the uneven thing in the separation approach of a compound member including the process which 
divides a compound member into two or more members in an isolation region in the direction in which the mechanical 
strength of an isolation region met the front face of a compound member. 

[0015] It is desirable that the mechanical strength of the compound member periphery of said isolation regions is 
especially weaker than a center section. Moreover, as for said isolation region, it is desirable to coincidence that a 
mechanical strength is weaker than said lamination part. 

[0016] This isolation region can use the layer which can obtain the very small air bubbles formed of the porous layer 
formed by the anodization method, or ion implantation. When using semi-conductor bases, quartz wafers, etc., such as Si 
wafer, as the first base of the above, or the second base, although these have the orientation flat and the notch, since it is 
disc-like in general, said compound member which sticks these first bases and the second base of each other, and 
changes is also outline discoid. In such a case, the mechanical strength of said isolation region has the high heterogeneity 
to which it becomes low by the periphery in the core in this compound member, and the in general more uniform one is 



divided into a circumferencial direction good. When a compound member is rectangular plate-like part material, the 
mechanical strength of the corner, one side, or the perimeter is weakened. 

[0017] A mechanical strength can be made into an ununiformity by forming in said isolation region the part from which 
porosity differs mutually. Since a mechanical strength becomes weak so that porosity is enlarged, a mechanical strength 
is changed by changing porosity. The mechanical strength in the periphery can be weakened by more specifically making 
porosity higher than a center section at a periphery. 

[0018] Said isolation region can make a mechanical strength an ununiformity also by changing the thickness. Since a 
mechanical strength becomes weak, a mechanical strength also changes by changing the thickness, so that thickness of 
said isolation region is thickened. Therefore, the porous layer of said isolation region can weaken the mechanical 
strength in the periphery also by making the thickness at a periphery larger than the center section of the base. 
[0019] In order to obtain the compound member which was more suitable although separation does not take place at the 
process before the separation process of said compound member but it dissociates certainly at a separation process, it is 
more desirable to form said isolation region from two or more layers from which a mechanical strength differs. It is 
desirable that the porosity which adjoins a nonvesicular single crystal half conductor layer makes thickness of a layer 
with high porosity thinner than the thickness of a low layer into said isolation region which consists of two or more 
above-mentioned layers especially. There is not necessarily no need that the structure of each layer in it changes steeply 
in the interface, as for two or more above-mentioned layers. Though it is changing continuously by the interface of 
adjacent layers, it becomes easy to separate the reinforcement and structure of each class rather than reinforcement is 
uniform over the whole isolation region. 

[0020] In said isolation region which consists of two or more layers from which said mechanical strength differs, it is 
more desirable that the porosity of a layer with said high porosity is more higher than near the center section of the base 
at a periphery. 

[0021] When forming said isolation region which consists of a field of the shape of two or more layer where said 
mechanical strengths differ, the porosity which is the 2nd layer with said large porosity can be made at a periphery larger 
than the center section of the base by making at a periphery thickness which is the 1st layer with said small porosity 
larger than the center section of the base. 

[0022] this invention persons were conducting the experiment which performs various reconstruction to anode plate 
degassing equipment that a good porous layer should be formed. It found out then that there was an Si wafer which has 
the field internal division cloth of porosity in two or more Si wafers which performed porosity-ized processing using the 
anode plate degassing equipment of a certain gestalt. 

[0023] Moreover, it turned out that the sample in which the nonvesicular layer was formed on the porous layer is 
prepared, and there is a sample which can exfoliate more easily from what has comparatively high porosity even if the 
porosity of a porous layer is comparatively low, when the experiment which exfoliates the nonvesicular layer is 
conducted. 

[0024] If it sets to the porous layer to which porosity has field internal division cloth like the operation gestalt mentioned 
later based on the two above-mentioned knowledge and the layer of the degree of Kota hole fractures or collapses 
comparatively, the layer of comparatively low porosity will also be fractured easily and it will not receive effect in the 
absolute value of porosity so much. 

[0025] That is, when there is a layer of the degree of Kota hole relatively [ periphery / which is easy to make separation 
start / of a member ], irrespective of the absolute value of the porosity, it finds out that separation becomes easy and 
came to make this invention. 
[0026] 

[Embodiment of the Invention] Drawing 1 (a) - drawing 1 (c) are the sectional views of the compound member by the 
gestalt of 1 operation of this invention. 

[0027] As a compound member is shown in drawing 1 (a), the first base 1 and second base 2 stick mutually, are set, and 
are formed, and the isolation region 3 is formed in the interior. Here, the first base 1 has a lamination interface in the 
place which is contacted on the front face of the second base 2, is stuck, and shows the layer 4 formed on the isolation 
region 3 to a sign 5. 

[0028] The mechanical strength has the comparatively strong part 31 and the weak part 32, and an isolation region 3 has 
the part 32 with a weak mechanical strength in the periphery (periphery of an isolation region) of a compound member. 
[0029] Since the weak part 32 of a mechanical strength exists in the periphery of a compound member relatively when 
separating this compound member, a crack or collapse arises into this part 32 previously, and it becomes easy to separate 
a compound member. 

[0030] For explaining in more detail, drawing 1 (a) formed the part 32 which consists of a porous body with high 
porosity in the periphery of the isolation region 3 where thickness is uniform, and has formed the weak part 32 of a 
mechanical strength locally at the periphery by forming the part 31 which consists of a porous body with low porosity in 
the center section. Drawing 2 (a) shows the location of the strong part 31 of the mechanical strength at the time of seeing 



this compound member from a top face, and the weak part 32. A sign 7 is an orientation flat prepared if needed. 
[0031] Moreover, the weak part 32 of a mechanical strength may be a part of periphery section, as shown in drawing 2 B 
instead of all the peripheries of a compound member. It is desirable to make area of the strong part 31 of a mechanical 
strength sufficiently larger than the area of the weak part 32. 

[0032] Drawing 1 (b) is making into an ununiformity thickness of the isolation region 3 which consists of a porous body 
of uniform porosity, and forms the weak part 32 of a mechanical strength in a periphery. As the flat surface of an 
isolation region 3 is shown in drawing 2 B also in this case, it may be locally formed in a part of periphery section. 
[0033] Drawing 1 (c) forms the weak part 32 of a mechanical strength by forming a part with many ion injection rates in 
a periphery by ion implantation. Also in this case, as shown in drawing 2 (b), an ion injection rate can be locally made 
[ many ] and the weak part 32 of a mechanical strength can also be formed in a part of periphery section. Since very 
small air bubbles will arise if a hydrogen ion and rare gas ion are driven in and predetermined heat treatment is 
performed, the part by which the ion implantation was carried out to high concentration can also be made into a porous 
body with high porosity. 

[0034] Both, the weak part 32 of a mechanical strength is higher than other parts, is thickening and may form the 
porosity and thickness of a porous body locally. Moreover, ion may be locally driven into the isolation region which 
consists of a porous body, the porous body of the part by which the ion implantation was carried out may be made brittle, 
and a mechanical strength may be weakened. 

[0035] That is, it is also desirable to combine suitably the description part of a configuration of to have been shown in 
drawing 1 (a) - drawing 1 (c). 

[0036] As the first base 1 used for this invention, tabular semi-conductor wafers other than Si wafer, such as germanium, 
SiGe, SiC, GaAs, GaALAs, and InP, GaN, are used preferably. 

[0037] As the second base 2, you may be insulating bases, such as quartz glass and a resin sheet, and metallicity bases, 
such as stainless steel, besides the same semi-conductor wafer as the first base 1. 

[0038] The monolayer or two or more layers which consist of an ingredient chosen from the same semiconductor 
material as the ingredient of the first base as a nonvesicular layer are used preferably. When separating composite 
material and producing a SOI substrate, it is desirable that it is a single crystal half conductor layer. 
[0039] What was formed with different ingredients from a layer 4, such as an insulator or a conductor, as a layer 6 shown 
in drawing 1 (c) is used preferably. 

[0040] And when sticking the first and the second base, it is desirable to also make an insulating layer and the layer of 
adhesives intervene in between. 

[0041] Drawing 3 (a) and drawing 3 (b) are graphs which show relatively distribution of the mechanical strength within 
the field of a compound member. 

[0042] The part from a certain location LE 2 which a mechanical strength increases a continuous line 107 from the left 
periphery edge LE 1 of a compound member gradually toward the right periphery edge RE1 of a compound member to 
the center O toward Center O, and includes Center O to a location RE2 is the gestalt which a mechanical strength is the 
strongest and is fixed. 

[0043] An alternate long and short dash line 108 is a gestalt in which the mechanical strength has changed intermittently 
between the periphery section (part from [ from the periphery edge LE 1 to a location LE 2 ] the periphery edge RE 1 to a 
location RE2), and a center section (from a location LE 2 to a location RE2). 

[0044] A broken line 109 is a gestalt which the mechanical strength is increasing from the periphery edges LEI and RE1 
continuously towards Center O, and, as for a mechanical strength, takes maximum in the Center O. 
[0045] In this invention, it is desirable that the mechanical strength in the part from the location of the method of the 
inside of 5mm to the periphery edge of an isolation region weakens locally rather than the mechanical strength in a 
center section toward a center from the periphery edge of a compound member. If it is made to correspond to drawing 3 
(a), it is desirable to form an isolation region as a film so that the location of the method of the inside of 5mm may 
consist of a periphery edge of a compound member toward a center between LEI and LE2 and/or between RE2 and RE1 . 

[0046] Furthermore, when separating the compound member of the diameter of macrostomia from the periphery edge 
toward the center, it may be unable to dissociate so that the center section of the compound member may wish. In this 
case, it is good to form the weak part of a mechanical strength in the center locally. 

[0047] Drawing 3 (b) shows an example of such a gestalt, and the high part of a mechanical strength is the doughnut-like 
part M between a periphery and a center. 

[0048] As an isolation region, when using a porous layer, it is good for a mechanical strength to make the porosity of a 
weak periphery 35% or more more preferably 20% or more, and to make the upper limit of porosity 80% or less. 
Although the porosity of the center section where a mechanical strength is strong should be just lower than a periphery, it 
is good to choose desirably, so that it may become it is more desirable and lower than 5% or more of less than 20% of 
within the limits to a periphery less than 35% 5% or more. 



[0049] If there is 10% or more of differences of porosity more preferably 5% or more, the difference of sufficient 
mechanical strength to divide a compound member into a periphery and a center section easily will be acquired. 
[0050] Moreover, what is necessary is just to make the porosity of the part in which this part M, i.e., a mechanical 
strength, has the maximal value in making an isolation region from a porous body, since it becomes a part with the part 
strong [ a mechanical strength ] which shows with Sign M in the case of drawing 3 (b) more preferably as low as less 
than 20% 5% or more less than 35% 5% or more as well as the center section of drawing 3 (a). 
[0051] The porosity of the center O in drawing 3 (b) is good to choose from 20% - 80% of range suitably that what is 
necessary is just more highly than Part M, so that the relation may be filled. 

[0052] Porosity [ of a porous body ] P (%) expresses the rate of the volume which a hole occupies in the volume of the 
appearance of a porous body here. This porosity is expressed with the following formula using the consistency m of a 
porous body and the consistency M of a nonvesicular object which were formed on said 1st base. 
[0053] 

P={(M-m) M} xlOO (%) (1) 

Here, weight G of the appearance of the porous-layer object containing a hole is **(ed) by the volume V of the 

appearance of the porous body containing a hole with the consistency m of a porous body. m=G/V (2) 

It comes out. In order to ask for the porosity P of the porous layer of the base which actually has layer structure only 

whose depth d by the side of a front face is a porous body, it can ask from a degree type using the weight B of the base 

after removing completely the weight a and the porous layer of said base after forming the weight A and the porous layer 

of a base before forming a porous layer. 

[0054] 

P={(A-a)/(A-B)} xlOO (3) 

Next, the production approach of a compound member is described. 

[0055] First, the first base 1 like Si wafer is prepared, and an isolation region 3 is formed in the part of the predetermined 
depth from the front face or a front face. There is the approach of forming in the part of the predetermined depth the ion 
implantation layer from which impregnation ion concentration serves as max from the front face of the first base 1 by 
carrying out the ion implantation of the different ion from the configuration element of a base like the approach and/or 
hydrogen ion which porosity-ize the front face of the first base 1 by anodization etc., or rare gas ion as a method of 
forming an isolation region. By controlling the conditions of anodization, and the conditions of ion implantation by the 
below-mentioned procedure, the weak part of a mechanical strength is made to a periphery. 

[0056] Next, the nonvesicular layer 4 is formed on an isolation region 3 if needed, and it sticks on the 2nd base. In using 
ion implantation, the surface of the first base turns into the nonvesicular layer 4 as it is. In using porosity-ization, it forms 
a layer 4 by sputtering or CVD on the front face of the first porosity-ized base 1. 

[0057] And the nonvesicular layer 4 is stuck on the 2nd base like Si wafer through an insulating layer 6 direct or if 
needed. In this way, a compound member is done. 

[0058] One approach with being such for forming the weak porous layer of a mechanical strength locally is changing the 

current density of anodization in a field, the formation which flows into the periphery of a semi-conductor base - by 

making current density high in the periphery of a base, it is thicker than the center section of the base, and the thickness 

and/or the porosity in a periphery of a base of said porous layer can be made high. In order to realize the above current 

density distribution, it is making the cross section to which the ion current in anodization liquid [ / near the base 

degassed ] flows in the case of anodization larger than the area of the base to degas, the formation which flows into a 

base periphery by this — the formation which flows the surface density of a current in the center of a base — what is 

necessary is just to make it larger than the surface density of a current What is necessary is to enlarge and for a base just 

to receive the ion current of the cross section larger than the area of a base from the base which degases specifically used 
********** 

[0059] Drawing 4 shows notionally the equipment used for anodization. As for the DC power supply for anodization in 
101, and 102, in drawing 4 , a cathode electrode and 103 are anode electrodes. 104,105 is an insulating supporter holding 
the processed base 1, and carries out the engagement of the base 1 in a crevice. 106 is an insulating layer pars basilaris 
ossis occipitalis. 

[0060] here - the area of an electrode 102,103 - 1.2 time [ of the area of a base 1 ] - they are 1.3 times to about 2.0 
times more preferably 3.0 times. 

[0061] If it is made this appearance, in case the ion which has flowed from an outside [ edge / of a base / periphery ] will 
be brought together in a base, it flows in mostly by the periphery of a base, and it is large in the thickness of the porous 
layer of that part, and porosity can be made high. 

[0062] Furthermore, it is possible to perform two or more steps of anodization, to make thickness of the periphery of the 
1st porous layer thicker than a center section, and to make higher than the porosity of a center section the porosity of the 
periphery of the 2nd porous layer which this forms after that. 

[0063] When distribution of such an inrush current needs to be further controlled to a precision, the current guide which 



controls the ion current distribution which flows into a base front face near the base to degas can be prepared, and 
distribution of the thickness of a layer with said small porosity can be controlled by controlling ion current distribution. 
[0064] In using the layer which can obtain the very small air bubbles (microcavity) formed of said ion implantation as 
said isolation region, by making the consistency of ion implantation high, the magnitude and the consistency of the 
above-mentioned very small air bubbles, thickness over which very small air bubbles are distributed can be enlarged, 
and, thereby, it can make the mechanical strength of this field small. 

[0065] Then, it is possible by making the ion injection rate of a base periphery larger than a base center section to raise 
the very small air-bubbles consistency per unit volume of a base periphery, and to make porosity higher than a base 
center section. 

[0066] Drawing 5 is a graph which shows the field internal division cloth about the diameter direction of the porosity of 
the porosity acquired by the approach as shown in drawing 4 . 

[0067] Since a mechanical strength becomes weak so that porosity becomes high, compared with the continuous line 107 
of drawing 3 (a), the continuous line 207 and dotted line 209 of this drawing 5 are the pattern of vertical reverse from 
this graph. 

[0068] If the ratio of the area of an electrode 102,103 to the area of a base is large enough, it will become like a 
continuous line 207, and when the ratio of the area of an electrode to the area of a base is small, there is an inclination 
which becomes like a broken line 209. In this way, the porous body of the degree of Kota hole can be formed in a 
periphery. 

[0069] The technique of on the other hand making the porous layer of mechanical-strength distribution as shown in the 
alternate long and short dash line 1 1 of drawing 1 (a) and drawing 3 (a) is described. The 1st approach is as follows. The 
photoresist pattern used as the mask of an ion notes necessity is prepared only in the periphery section of a base 1 , and 
boron ion is injected into a center section. Anodization using the electrode of the almost same area is given with a base to 
the base with which the boron ion concentration of the periphery section became low locally, and the periphery section 
makes the porous layer of low porosity [ center section ] from the degree of Kota hole. 

[0070] The 2nd approach is as follows. Except for the periphery section of a base, a center section is covered with 
anodization-proof masks, such as a wax, general anodization is performed under the conditions of high current density, 
and the periphery section is porosity-ized. 

[0071] Next, the mask of the periphery section is carried out, general anodization is performed under the conditions of a 
low current consistency, and a center section is porosity-ized. 

[0072] The 3rd approach also has the approach only the periphery section raises porosity by ion implantation, after 
forming a uniform porous layer by general anodization. If ion injection rate distribution is controlled, a porous layer with 
intensity distribution as shown in drawing 3 (a) and drawing 3 (b) can be formed with a sufficient controllability. 
[0073] However, probably, in respect of a manufacturing cost, the approach shown in drawing 4 will be more 
advantageous than these approaches. 

[0074] Next, the production approach of the compound member shown in drawing 1 (c) is described more concretely. 
[0075] A base like Si wafer is oxidized and an insulator layer 6 is formed. The ion implantation of hydrogen or the rare 
gas ion is carried out to the whole base surface with predetermined acceleration voltage. The center section except the 
periphery section is covered with a photoresist mask pattern, and ion is driven in with the again same acceleration 
voltage as the periphery section. In this way, the isolation region 3 with the weak part 32 of a mechanical strength can be 
formed. 

[0076] A mask pattern is removed and an insulator layer 6 is stuck on the second base 2. A mechanical strength should 
just set heteroatom concentration of a weak part to 1020cm-3-1023cm-3, using a dose [ in / for the dose in the 1st ion 
implantation / the 2nd ion implantation ] as 1015cm-2-1017cm-2, respectively. 

[0077] Next, the separation approach of the compound member used for this invention is explained. As shown in 
drawing 6 (a), a compound member is divided into explaining the gestalt which separates the compound member shown 
in drawing 1 (a) as an example using the internal stress generated by heat treatment etc., and external force. Among 
isolation regions 3, since a periphery 32 has a locally weak mechanical strength, this collapses first or a crack produces it 
first here. Drawing 6 (a) shows signs that apply the force 1 1 1 which inserts a wedge 1 10 and pulls apart the periphery of 
the first base 1 from the second base 2, and it dissociates. 

[0078] And a compound member is divided into two as shown in drawing 6 (b). When the residual layer 37 of the 

isolation region 3 which remains on the nonvesicular layer 4 is comparatively thick, polish and etching remove a residual 

layer. And it heat-treats in a hydrogen ambient atmosphere if needed (hydrogen annealing). In this way, the base 2 

equipped with the layer 4 which has a smooth front face as shown in drawing 6 (c) is obtained. 

[0079] In the case of the application of a solar battery etc., it is not necessary to remove a residual layer. 

[0080] As the separation approach of said usable compound member, to this invention Pressurization, hauling which are 

indicated by JP,7-302889,A, Various approaches, such as shear, wedge insertion, heat treatment, wave-motion 

impression, and a wire cut, and said the first base and second base which were stuck which were proposed by Japanese 



Patent Application No. No. 75498 [ nine to ] by spraying a fluid near the side face of said isolation region The approach 
of dividing into two or more members in a different isolation region from a lamination interface is usable. 
[0081] In order to dissociate in this invention, the flow of the fluid to be used is realizable by injecting the pressurized 
fluid from a thin nozzle, as the approach for making flow to inject into a high speed and a high-pressure narrow beam 
more — M a water jet" ~ a fluid jet process which is introduced to the 4th page per volume [ 1st ] No. etc. can be used. 
Fluid jet usable to this invention is 100 pressurized by high pressure pumping - 3000 kgf7cm2. By injecting a high- 
pressure liquid from a nozzle with the thin diameter of about 0.1 -0.5mm, cutting (however, an abrasive material is added 
to water at the time of a hard ingredient) of the ceramics, a metal, concrete, resin, rubber, wood, etc., processing, removal 
of a surface paint film, washing on the front face of a member, etc. can be performed. In how to use the conventional 
water jet, it was the main effectiveness to remove some ingredients as mentioned above. That is, carrying out water jet 
cutting only in that for a principal piece, and removing ** and removal of a paint film, and washing on the front face of a 
member were removing an unnecessary part. 

[0082] As the formation approach of the flow of the fluid of this invention, when using a water jet, it is possible by 
injecting a water jet on the side face of said isolation region to separate a compound member. In this case, said isolation 
region side face is first exposed on the side face of a lamination base, and a direct water jet is injected on there and the 
outskirts of it. Then, each base does not receive damage, but only the isolation region where mechanical strength is 
brittle is removed by the water jet, and the base of two sheets is separated. Moreover, said isolation region side face is 
not exposed beforehand by a certain reason, and even when the part is covered by film like an oxide film, after removing 
a wrap layer for an isolation region first by the water jet, it can dissociate by the water jet. 

[0083] Moreover, although it is the effectiveness which was not used in the conventional water jet, by injecting jet to the 
crevice of the side face of a compound member, said isolation region where structure is brittle can be extended, it can 
destroy, and a lamination wafer can also be separated. In this case, it is possible to dissociate without giving a damage on 
the surface of separation, without using abrasives, even if the cutting waste of an isolation region is hardly generated and 
an isolation region cannot remove with the jet itself as a material. 

[0084] Thus, this effectiveness can also be considered to be the effectiveness of a kind of same wedge as what was 
shown in drawing 6 (a) by the fluid instead of effectiveness, such as cutting and polish. Therefore, by a crevice's having 
this effectiveness in the side face of a lamination base, and injecting jet, when the force is applied in the direction which 
lengthens and removes an isolation region, effectiveness can be expected very much. It is more desirable for the 
configuration of the side face of a compound member to be not a convex type but a concave, if it is fully going to 
demonstrate this effectiveness. 

[0085] Drawing 7 is the outline perspective view showing an example of the water jet equipment used for the 
manufacture approach of the semi-conductor base used for this invention. In drawing 7 , a sign 1 is the compound 
member which carried out the lamination unification of the two Si wafers, and an isolation region 3 exists in the interior. 
403,404 is the holder which adsorbs / fixes the compound member 1 by the vacuum chuck, and exists on the same 
revolving shaft mutually. Furthermore, a holder 404 can be rotated at the speed of arbitration by connecting with 
susceptor 409 through bearing 408, and the speed-control motor 410 linking directly and being connected in the rear. 
Moreover, the holder 403 was connected with susceptor 409 through bearing 41 1, and the force is applied in the 
direction YA in which a holder 403 separates from the compound member 1 by minding a compression spring 412 
between susceptors 409 in the rear. 

[0086] First, it sets so that the compound member 1 may be learned from a gage pin 413, and it is made to adsorb/hold at 
a holder 404. if a holder 404 is about the compound member 1 at a gage pin 413 — **** ~ it is things and compound 
member 1 center section can be held. Next, the compound member 1 learns it from bearing 411, and advances it leftward 
until it adsorbs / holds a holder 403. As for a holder 403, at this time, the force takes rightward by the compression spring 
412. As for the appearance which a holder 403 does not separate from the compound member 1 by the force by the 
compression spring 412, the force in which a compression spring 412 returns, and the force in which a holder 403 
attracts the compound member 1, balance is maintained at this time. 

[0087] Next, it continues taking out during 1 scheduled time until it sends water into the water jet nozzle 402 from the 
water jet pump 414 and the water to spout is stabilized. If water is stabilized, the water (following water jet water) which 
opened the shutter 406 and blew off from the water jet nozzle 402 on the side face of the compound member 1 will be 
hit. At this time, the compound member 1 and a holder 403 are rotated by rotating a holder 404. In the side face of the 
compound member 1, water jet water is hitting near the core of the thickness, it extends the compound member 1 from 
the periphery section to two bodies toward a core, destroys a comparatively weak isolation region within the compound 
member 1, and, finally divides it into two bodies. 

[0088] Like, after [ which was mentioned above at this time ] dissociating since the force is working rightward while 
water jet water is equally poured on the compound member 1 and a holder 403 holds the compound member 1, it is the 
device in which compound member 1 separated comrades do not slide. 

[0089] Moreover, a liquid with the operation which does not use water but etches alternatively the isolation region of 



alkali and others, such as acids, such as organic solvents, such as alcohol, and fluoric acid, a nitric acid, or a potassium 
hydroxide, as a fluid to be used etc. is usable. Furthermore, gases, such as air, nitrogen gas, carbon dioxide gas, and rare 
gas, may be used as a fluid. Gas and the plasma which have an etching operation to an isolation region can also be used. 
As for the water to be used, for the separation approach of the compound member introduced into the production process 
of a semi-conductor base, it is desirable to use water with the high purity of the pure water from which an impurity 
metal, particle, etc. were removed as much as possible, ultrapure water, etc. Moreover, if it washes after separation even 
if it uses fluid jet other than pure water, since it is a perfect low-temperature process, an impurity and particle can also be 
removed enough. 

[0090] When using the approach of spraying such a fluid, it is desirable to give the configuration where it cratered in a 
concave which produces the force of the direction which extends an isolation region in response to liquid flow near the 
isolation region of said compound member. When it is going to separate the compound member with which the base of 
two sheets sticks and it comes to unite it across an isolation region in an isolation region, such structure can be easily 
realized by beveling the edge of each base. 

[0091] When applying separating power to the isolation region currently beforehand formed in the compound member 
the flow of a fluid like a water jet, or by using the various approaches of pressurization, hauling, shear, wedge insertion, 
heat treatment, wave-motion impression, a wire cut, and others and separating into two, separation advances by [ of an 
isolation region ] destroying a brittle part mechanically. Also when the flow of a fluid is injected near an isolation region, 
the flow of a fluid removes or destroys the isolation region where a mechanical strength is brittle. And since the other 
part which is not brittle remains without being destroyed an isolation region being removed fundamentally [ in the case 
of a fluid ], there is an advantage that it can dissociate without damaging the part used after separation as a result. 
However, in the case of [ neither of] the approaches, an isolation region may be unable to be destroyed if the 
reinforcement of an isolation region is not weak enough. For example, an isolation region may be unable to be destroyed 
or removed by the flow of the fluid of a predetermined pressure. 

[0092] In order to solve this, when the pressure of a fluid is heightened, it is destroyed to the other part but not only an 
isolation region, for example, in separation of a lamination base, the tabular first or the second base may break. If the 
pressure of a fluid is lowered in order to prevent this, the dilemma that separation is impossible will arise. 
[0093] It is necessary to stuff a solid wedge into the isolation region of the part formed in the periphery of a near [ the 
front face of the isolation region formed into the compound member at the initial stage of separation (for example, a 
disc-like lamination base) ] by the separation approach of above most. Thus, it is necessary to advance separation from a 
front face in many cases. However, the part near a front face has the problem that the area which applies separating 
power is small while separation does not advance, and the area consistency of the force must be made high. Although 
this can apply separating power to the separated field, it is because separating power cannot be applied to the field which 
has not been separated yet. In the phase in which separation advanced, since the area which can apply separating power 
increases and the surface density becomes low even if it makes it easy to enlarge separating power applied to a 
separation side, and to separate, it becomes easy to prevent breakage (crack etc.) of the base accompanying separation. 
[0094] It is generated [ un-arranging / that an isolation region is destroyed /, and ], before thickening thickness of a 
porous layer which raises the porosity of the porous layer of an isolation region, or reaching a separation process in the 
middle of the formation process of said compound member in the early stages of separation by increasing the amount of 
formation of very small air bubbles by increasing the amount of ion implantation etc. if reinforcement becomes weak too 
much, although what is necessary is just to weaken mechanical strength in order to make separation easy. 
[0095] It became clear that this invention persons changed the mechanical strength of an isolation region in the direction 
parallel to a lamination side, and should just weaken the mechanical strength of the part near the lamination base front 
face of said isolation region, for example, a periphery, compared with a base center section especially in order to avoid 
such un-arranging as a result of wholeheartedly research. 

[0096] In the phase where the area of the field separated by the initial stage of separation cannot enlarge separating 
power small, the mechanical strength of an isolation region is weakened and separation is made to advance by the small 
force. This is possible by making small the mechanical strength of the isolation region near the periphery of a base. In 
the center section of the base, the mechanical strength of an isolation region is made higher than a periphery, and peeling 
in the middle of a process is prevented. 

[0097] In this way, since the area which separation put in the center section and was separated at this time is large even if 
it sets, even if it makes surface density of separating power small, the whole separating power becomes large and can 
advance separation. Such effectiveness has the most desirable approach of injecting the flow of the above-mentioned 
fluid to an isolation region, in order to prevent breakage of a base, applying separating power to homogeneity 
comparatively in the whole field separated although it is not based on the separation approach but is demonstrated. 
[0098] In order to make large the condition range for being stabilized and performing separation and to ensure separation 
without breakage of a base, the structure where an isolation region 3 consists of the field (22 23) of the shape of two or 
more layer where mechanical strengths differ like drawing 8 is desirable. In such a case, making the mechanical strength 



in a periphery small compared with the center section of the base can be realized comparatively easily, the case where 
the isolation region has a laminated structure of the layer 23 (this is called the porous layer first pass for convenience.) 
with small porosity, and the large layer 22 (this is called for convenience the second layer of a porous layer.) — the layer 
23 with small porosity - first - an anodization method forming - after an appropriate time - formation -- what is 
necessary is to enlarge a current and just to form the layer 22 with large porosity by the anodization method similarly 
[0099] As for the porosity of 22, according to the place which this invention persons studied wholeheartedly, it turned 
out that it was not decided only by the magnitude of a current and is dependent also on the thickness and the porosity of 
the above-mentioned porous layer first pass 23 the second layer of the above-mentioned porous layer, the above- 
mentioned porous layer second — formation of layer 22 - even if it sets up a current equally, when the thickness of the 
above-mentioned porous layer first pass 23 is thick or porosity is low, there is an inclination for the porosity of 22 to 
become high the second layer of the above-mentioned porous layer, for this reason — if thickness of the above-mentioned 
porous layer first pass 23 is made thin, for example, for keeping the porosity of 22 high the second layer of the above- 
mentioned porous layer - a porous layer second — formation of layer 22 — it is necessary to make a current higher It is 
drawing 9 which showed this relation. 

[0100] if - formation of the second layer of a porous layer — if a current is kept constant, and the thickness of the porous 
layer first pass changes, the porosity of the second layer of a porous layer will be influenced. Drawing 10 showed this 
relation. According to drawing 10 , it is the related Fig. of the porosity (%) of the second layer to first pass thickness 
(micron), and after forming the porous layer first pass, it is clear to affect the porosity whose property of the porous layer 
first pass is the second layer of a porous layer rather than to be able to to form the second layer of a porous layer 
independently of this. The detailed mechanism of such a phenomenon cannot be solved completely, however, it mentions 
later — as — formation of Porosity Si - formation ~ F- in liquid ion needs - having — **** — the hole formation section 
at the tip of a hole — F- if ion is consumed — the hole from the front-face side of Porosity Si — inside ~ passing — new F- 
Ion needs to be conveyed and it needs to be supplied at the tip of a hole. 

[0101] such a hole — inner F- It is thought that it depends for the electric field of ion or the effectual mobility of 
transportation by diffusion on the hole size of the first pass or the die length of a hole, i.e., the thickness of the first pass. 
That is, the porous layer first pass itself formed of anodization restricts transportation of ion required for porous layer 
formation of the point. 

[0102] Therefore, F which needs the formed porous layer first pass for formation of the porous layer of the point - It 
works as an effectual mobility limit layer of ion transport, formation - if a current is fixed, formation advances, without 
porosity seldom changing to considerable thickness. This is F at a fixed current. - Although the hole of a certain size 
decided by consumption of ion and balance of supply is formed, when a current is increased on the way, it is F by 
existence of a porous layer [ finishing / formation / already ]. - It thinks for consumption of ion and the balance of supply 
to change and for the size of a hole to change a lot. 

[0103] F to which the thickness of the first pass increases and the inside of it is conveyed - If the effectual mobility of ion 
goes down F- in the tip of a hole ion concentration — falling » the formation of the holes - an ion lack layer spreads in 
liquid — formation ~ Si is etched for the part to which the potential barrier of the interface of liquid and Si single crystal 
front face in a hole becomes low breadth and there, and the size of a hole may be increasing. 

[0104] actually - formation - if a mobility limit layer does not exist in Si front face even if it enlarges a current simply - 
- porosity - not much — not increasing - rather - formation - a rate will increase, therefore, formation - the case where 
it is going to change porosity a lot according to increase of a current - a porosity increase layer and formation — certain 
F- above, between liquid The mobility limit layer of ion is required. Then, if thickness of the above-mentioned porous 
layer first pass is made thickly around a base, the porosity of the second layer of the porous layer of the part can be made 
larger than the porosity whose thickness of the first pass of a center section is the second layer of a thin part, and it will 
become possible to weaken the mechanical strength of the isolation region of a base periphery by this. 
[0105] This invention has the big description also in the point which can make the porosity of the layer 22 with said large 
porosity at a periphery larger than the center section of the base, when the mechanism of anodization is skillfully used 
for this appearance, and forming said isolation region which consists of a field of the shape of two or more layer where 
said mechanical strengths differ and said porosity makes thickness of the small layer 23 at a periphery larger than the 
center section of the base. 

[0106] And a porous layer can be formed in a wafer by the anodization approach using simple equipment as shown in 
drawing 4 as mentioned above. In this way, it is possible to make thickness of the base periphery of a layer with small 
porosity thicker than a base center section, and to make larger than the porosity of a base center section the porosity of 
the base periphery of a layer with the big porosity which this forms after that. When distribution of such an inrush 
current needs to be further controlled to a precision, the current guide which controls the ion current distribution which 
flows into a base front face near the base to degas can be prepared, and distribution of the thickness of a layer with said 
small porosity can be controlled by controlling ion current distribution. 

[0107] Moreover, it is as having shown and explained the water jet fuel injection equipment for separating a wafer and a 



thin film semiconductor from the compound member of the first base and the second base to above-mentioned drawing 
7. 

[0108] Next, drawing 8 is drawing for explaining in detail an example of the structure of the lamination base which can 
be used for the approach of this invention, as mentioned above. In this example, the isolation region 3 has from this the 
two-layer structure with high porosity which mechanical strength becomes from 22 the second layer of weak porosity 
with the porosity first pass 23 with low porosity, as shown in drawing 8 . In this invention, the second layer of the above- 
mentioned porosity, 22 makes porosity near the periphery of a base higher than a center section, or should just thicken 
the thickness. A crack produces separation in the inside of 22, or its interface the second layer of the porosity in a 
different location from a lamination interface. The second layer of porosity, since the mechanical strength is weak, if the 
force is added in the direction which the first base 21 and second base 27 separate, only 22 will be destroyed the second 
layer of porosity and both will separate 22. In case the layer 4 which the porosity first pass 23 turns into from the 
nonvesicular single crystal Si at this time is formed, in order to suppress generating of a crystal defect, it is required for a 
layer 4 as a protective layer for destruction not to reach at a separation process. It is better for the yield to have 22 the 
second layer of porosity preferably, although it is also possible to dissociate without forming 22 the second layer of 
porosity if porosity is not made so high, of course. 
[0109] 

[Example] Next, each example explains the contents of this invention still more concretely. 
[0110] In [example 1] this example, anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 8 inch of the P type (or N type may be used) with the thickness of 625 micrometers of specific resistance 
0.01 ohm-cm into HF solution, formation of anode plate-ized stratification ~ ****** wa s created so that the cross 
section of a field parallel to an electrode and the above-mentioned Si single crystal base might be changed with the twice 
[ about ] of the area of this Si base, and this was used. 
[0111] The anodization conditions are as follows. 
[01 12] formation - current: - 2.6 (A) 

anodization solution: - HF:H2 0:C2 H5 OH=l:l:l hour: - 11 (minute) 

thus, the thickness of the center section of the porous layer of the degassed base — the porosity of a center section was 
[ the porosity of the thickness of the porous layer of a periphery ] 30% in about 19 microns at the maximum about 20% 
at about 12 microns. Although created on such conditions, electron microscope observation can investigate the 
magnitude of the hole of a periphery, and it is [ part / deep / center section ] clearly large from a front face. However, 
near the front face of a porous layer, the difference with a center section or a periphery remarkable in the magnitude of a 
hole is not seen. This is very important when carrying out epitaxial growth of the single crystal of Si with few defects to 
the shape of a porous layer at a next process. 

[0113] This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The wall of the 
hole of Porosity Si was covered with this oxidation by the thermal oxidation film. It washed by fluoric acid, and after 
performing 950-degree C heat treatment in a hydrogen ambient atmosphere subsequently, 0.3 micrometers grew the 
single crystal Si epitaxially with the CVD method of the following conditions on Porosity Si. 
[01 14] source gas: - SiH4 carrier gas: - H2 temperature: - 900-degree-C pressure: - lxlO-2Toor growth rate: - it 
formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation further 3.3 nm/sec. 
[0115] This Si02 Superposition and after making it contact, heat treatment for 5 minutes was carried out for the layer 
front face and the front face of Si substrate prepared independently at 1 180 degrees C, and lamination was performed. It 
set in the equipment which showed the compound member to drawing 7 , when water jet injection was performed on 
water pressure 1000 kgf/cm2 and conditions with a diameter of 0.15mm, the porosity Si layer fractured, the wafer was 
halved good and Porosity Si expressed [ two Si substrates ] it to the separation side. Then, selective etching of the 
porosity Si layer is carried out with the etching reagent of HF/H202 / C2H50H system. Selective etching of the porosity 
Si was carried out, and it was removed completely. The etch rate to this etching of a nonvesicular Si single crystal is very 
low, and the amount of etching in a nonvesicular layer can be disregarded practically. That is, the single crystal Si layer 
which had the thickness of 0.2 micrometers on Si oxide film has been formed. It was changeless in a single crystal Si 
layer in any way also by the selective etching of Porosity Si. 

[0116] In this way, the obtained SIO substrate was heat-treated in the hydrogen ambient atmosphere. 

[01 17] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 

introduced into Si layer, but it was checked that good crystallinity is maintained. The same result is obtained even if it 

does not form an oxide film in an epitaxial Si layer front face. 1st Si single crystal substrate removed the residual 

porosity Si, and in order to obtain one more SOI substrate, it used it as 1st Si single crystal substrate again. 

[0118] In [example 2] this example, anodization is performed for the 1st single crystal (100) Si substrate of the diameter 

of 8 inch of the P type (or N type may be used) with the thickness of 625 micrometers of specific resistance 0.01 ohm-cm 

into HF solution, formation of anode plate-ized stratification ~ ****** was created so that the cross section of a field 

parallel to an electrode and the above-mentioned Si single crystal base might be changed with the twice [ about ] of the 



area of this Si base, and this was used. 

[0119] The anodization conditions are as follows. 

[0120] formation current: - 2.6 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: - 11 (minute) 

Thus, in the thickness of the center section of the porous layer first pass of the degassed base, the porosity of a center 
section became about 20% by about 12 microns. The porosity of the thickness of the porous layer of a periphery was 
30% in about 19 microns at the maximum, then, the first pass — formation — the second-layer formation is succeedingly 
performed on condition that the following the back. 
[0121] Current density: 8 (A) 

anodization solution: -- HF:H2 0:C2H50H=1:1:1 hour: - 2 (minute) 

When the second-layer formation was performed on the above conditions after first pass formation, the thickness of the 
center of the second layer became about 2 microns, and porosity became about 40%. However, in the periphery of a 
base, porosity is a maximum of about 55%, and the thickness is less than 2 microns. 

[0122] However, near the front face of the porous layer first pass, the difference with a center section or a periphery 
remarkable in the magnitude of a hole is not seen. This is very important when carrying out epitaxial growth of the single 
crystal of Si with few defects to the shape of a porous layer at a next process. 

[0123] This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The wall of the 
hole of Porosity Si was covered with this oxidation by the thermal oxidation film. Next, HF solution washes, and after 
heat-treating in a hydrogen ambient atmosphere, 0.3 micrometers grows a single crystal Si epitaxially with a CVD 
method on Porosity Si. The growth conditions were as follows. 

[0124] source gas: - SiH4 carrier gas: ~ H2 temperature: -- 900-degree-C pressure: ~ lxlO-2Torr growth rate: ~ it 
formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation further 3.3 run/sec. 
[0125] This Si02 Superposition and after making it contact, heat treatment for - 5 minutes is carried out for a layer front 
face and the front face of Si substrate prepared independently at 1 180 degrees C, and lamination is performed. In this 
way, the typical sectional view of the obtained compound member is shown in drawing 1 1 . As for the compound 
member, according to drawing 1 1 , 22 shows the condition of consisting a layer of the central part 33 and its 
circumference part 34 of 22 the central parts 35 and the circumference parts 36 of nothing and the porosity first pass 23, 
and the second layer of porosity, between the first base 1 and the second base 2, respectively an oxide film 6, the single 
crystal Si layer 4, the porosity first pass 23, and the second layer of porosity. 

[0126] When the wafer end face was made to express a porous layer, Porosity Si was etched to some extent and the sharp 
plate was inserted there like the cutting edge of a razor by this drawing 1 1 , the porosity Si layer fractured, the wafer was 
halved and Porosity Si expressed it. Then, selective etching of the porosity Si layer is carried out with the etching reagent 
of HF/H2 02 / C2H50H system. Selective etching of the porosity Si was carried out, and it was removed completely. 
The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, and the amount of etching in a 
nonvesicular layer is thickness reduction which can be disregarded practically. That is, the single crystal Si layer which 
had the thickness of 0.2 micrometers on Si oxide film has been formed. It was changeless in a single crystal Si layer in 
any way also by the selective etching of Porosity Si. In this way, the obtained SOI substrate was heat-treated in the 
hydrogen ambient atmosphere. 

[0127] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 
introduced into Si layer, but it was checked that good crystallinity is maintained. The same result was obtained even if it 
did not form an oxide film in the epitaxial Si layer front face. 1st Si single crystal substrate removed the residual porosity 
Si, and used it as 1st Si single crystal substrate again. 

[0128] In [example 3] this example, anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 8 inch of the P type (or N type may be used) with the thickness of 625 micrometers of specific resistance 
0.01 ohm-cm into HF solution, formation of anode plate-ized stratification -****** wa s created so that the cross 
section of a field parallel to an electrode and the above-mentioned Si single crystal base might be changed with the twice 
[ about ] of the area of this Si base, and this was used. 
[0129] The anodization conditions are as follows. 
[0130] formation - current: - 2.6 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: - 11 (minute) 

thus, the thickness of the center section of the porous layer first pass of the degassed base the porosity of a center 
section was [ the porosity of the thickness of the porous layer of a periphery ] 30% in about 19 microns at the maximum 
about 20% at about 12 microns, the first pass — formation - the second-layer formation was succeedingly performed on 
condition that the following the back. 
[0131] Current density: 8 (A) 

anodization solution: -- HF:H2 0:C2H50H=1:1:1 hour: - 2 (minute) 

When the second-layer formation was performed on the above conditions after first pass formation, the thickness of the 



center of the second layer was about 2 microns, and porosity was about 40%. However, in the periphery of a base, 
porosity was a maximum of about 55%, and the thickness was less than 2 microns. 

[0132] However, near the front face of the porous layer first pass, the difference with a center section or a periphery 
remarkable in the magnitude of a hole is not seen. This is very important when carrying out epitaxial growth of the single 
crystal of Si with few defects to the shape of a porous layer at a next process. 

[0133] This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The wall of the 
hole of Porosity Si was covered with this oxidation by the thermal oxidation film. HF solution washes, and after heat- 
treating in a hydrogen ambient atmosphere, 0.3 micrometers grows a single crystal Si epitaxially with a CVD method on 
Porosity Si. The growth conditions are as follows. 

[0134] source gas: - SiH4 carrier gas: — H2 temperature: - 900-degree-C pressure: — lxlO-2Torr growth rate: ~ it 
formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation further 3.3 nm/sec. 
[0135] This Si02 Superposition and after making it contact, heat treatment for 5 minutes is carried out for a layer front 
face and the front face of Si substrate prepared independently at 1180 degrees C, and lamination is performed. In this 
way, a compound member like drawing 1 1 mentioned above was obtained. When water jet injection is carried out to a 
wafer side face on water pressure 300 kgf/cm2 and conditions with a diameter of 0.1mm, a porosity Si layer fractures, a 
wafer is halved very good and Porosity Si expresses it. Then, selective etching of the porosity Si layer is carried out with 
the etching reagent of HF/H202 / C2H50H system. Selective etching of the porosity Si was carried out, and it was 
removed completely. The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, and the amount 
of etching in a nonvesicular layer is thickness reduction which can be disregarded practically. That is, the single crystal 
Si layer which had the thickness of 0.2 micrometers on Si oxide film has been formed. It was changeless in a single 
crystal Si layer in any way also by the selective etching of Porosity Si. In this way, the obtained SOI substrate was heat- 
treated in the hydrogen ambient atmosphere. 

[0136] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 
introduced into Si layer, but it was checked that good crystallinity is maintained. The same result was obtained even if it 
did not form an oxide film in the epitaxial Si layer front face. 1st Si single crystal substrate removed the residual porosity 
Si, and used it as 1st Si single crystal substrate again. 

[0137] In [example 4] this example, anodization was performed for the 1st single crystal (100) Si substrate of the 

diameter of 8 inch of the P type with the thickness of 625 micrometers of specific resistance 0.01 ohm-cm, or N type into 

HF solution, formation of anode plate-ized stratification — ****** was created so that the cross section of a field parallel 

to an electrode and the above-mentioned Si single crystal base might be changed with about 1.3 times of the area of this 

Si base, and this was used. 

[0138] The anodization conditions are as follows. 

[0139] formation - current: - 2.6 (A) 

anodization solution: -- HF:H2 0:C2H50H=1:1:1 hour: -- 11 (minute) 

Thus, the porosity of a center section of the thickness of the center section of the porous layer first pass of the degassed 
base was about 20% in about 6 microns. The porosity of the thickness of the porous layer of a periphery was 25% in 
about 8 microns at the maximum, the first pass — formation - the second-layer formation is succeedingly performed on 
condition that the following the back. 
[0140] Current density: 12 (A) 

anodization solution: » HF:H2 0:C2H50H=1:1:1 hour: - 1 (minute) 

Near the front face of the porous layer first pass, the difference with a center section or a periphery remarkable in the 
magnitude of a hole is not seen. This is very important when carrying out epitaxial growth of the single crystal of Si 
which does not have a defect on a porous layer at a next process. 

[0141] This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The wall of the 
hole of Porosity Si was covered with this oxidation by the thermal oxidation film. HF solution washes, and after heat- 
treating in a hydrogen ambient atmosphere, 0.3 -micrometer epitaxial growth of the single crystal Si was carried out with 
the CVD method on Porosity Si. The growth conditions are as follows. 

[0142] source gas: - SiH4 carrier gas: — H2 temperature: - 900-degree-C pressure: — lxlO-2Torr growth rate: — it 
formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation further 3.3 nm/sec. 
[0143] Superposition and after making it contact, heat treatment for 5 minutes was carried out for this SiO two-layer 
front face and the front face of Si substrate prepared independently at 1 180 degrees C, and lamination was performed. If 
water jet injection is performed on water pressure 300 kgf/cm2 and conditions with a diameter of 0.1mm there, without 
making a wafer end face express a porous layer, and etching Porosity Si to some extent, a porosity Si layer fractures, a 
wafer will be halved very good and Porosity Si will express it. Then, selective etching of the porosity Si layer was 
carried out with the etching reagent of HF/H202 / C2H50H system. By time amount shorter than an example 3, 
selective etching of the porosity Si was carried out, and it was removed completely. The etch rate to this etching reagent 
of a nonvesicular Si single crystal is very low, and the amount of etching in a nonvesicular layer is thickness reduction 



which can be disregarded practically. That is, the single crystal Si layer which had the thickness of 0.2 micrometers on Si 
oxide film has been formed. It is changeless in a single crystal Si layer in any way also by the selective etching of 
Porosity Si. In this way, the obtained SOI substrate was heat-treated in the hydrogen ambient atmosphere. 
[0144] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 
introduced into Si layer, but it was checked that good crystallinity is maintained. The same result was obtained even if it 
did not form an oxide film in the epitaxial Si layer front face. 1st Si single crystal substrate removed the residual porosity 
Si, and used it as 1st Si single crystal substrate again. 

[0145] In [example 5] this example, anodization is performed for the 1st single crystal (100) Si substrate of the diameter 

of 8 inch of the P type (or N type may be used) with the thickness of 625 micrometers of specific resistance 0.01 ohm-cm 

into HF solution, formation of anode plate-ized stratification ~ ****** was created so that the cross section of a field 

parallel to an electrode and the above-mentioned Si single crystal base might be changed with about 1.3 times of the area 

of this Si base, and this was used. 

[0146] The anodization conditions are as follows. 

[0147] formation - current: - 2.6 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: -- 11 (minute) 

Thus, for the thickness of the center section of the porous layer first pass of the degassed base, the porosity of a center 
section was [ about 8 microns and the porosity of the thickness of the porous layer of a periphery ] 25% at the maximum 
about 20% in about 6 microns, the first pass - formation - the second-layer formation was succeedingly performed on 
condition that the following the back. 
[0148] Current density: 12 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: - 1 (minute) 

Near the front face of the porous layer first pass, the difference with a center section or a periphery remarkable in the 
magnitude of a hole is not seen. This is very important when carrying out epitaxial growth of the single crystal of Si with 
few defects on a porous layer at a next process. 

[0149] This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The wall of the 
hole of Porosity Si was covered with this oxidation by the thermal oxidation film. HF solution washes, and after heat- 
treating in a hydrogen ambient atmosphere, 0.3-micrometer epitaxial growth of the single crystal Si was carried out with 
the CVD method on Porosity Si. The growth conditions were as follows. 

[0150] source gas: - SiH4 carrier gas: - H2 temperature: - 900-degree-C pressure: - lxlO-2Torr growth rate: - it 
formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation further 3.3 nm/sec. 
[0151] Superposition and after making it contact, heat treatment for 5 minutes is carried out for this SiO two-layer front 
face and the front face of Si substrate prepared independently at 1 180 degrees C, and lamination is performed. A wafer 
end face is made to express a porous layer, and Porosity Si is etched to some extent, in this way, it created — many — 
when the lamination base of several sheets was sunk into the tank of coincidence supersonic-wave irradiation equipment 
and the about 50kHz supersonic wave was irradiated, the porosity Si layer of all lamination bases broke, the wafer was 
halved at once and Porosity Si expressed it. Then, selective etching of the porosity Si layer is carried out with the etching 
reagent of HF/H202 / C2H50H system. By time amount shorter than an example 3, selective etching of the porosity Si 
is carried out, and it is removed completely. The etch rate to this etching reagent of a nonvesicular Si single crystal is 
very low, and the amount of etching in a nonvesicular layer is thickness reduction which can be disregarded practically. 
That is, the single crystal Si layer which had the thickness of 0.2 micrometers on Si oxide film has been formed. It is 
changeless in a single crystal Si layer in any way also by the selective etching of Porosity Si. 

[0152] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 
introduced into Si layer, but it was checked that good crystallinity is maintained. The same result was obtained even if it 
did not form an oxide film in the epitaxial Si layer front face. 1st Si single crystal substrate removed the residual porosity 
Si, and used it as 1st Si single crystal substrate again. 

[0153] In [example 6] this example, the oxide film (SI02 layer) of 200mn(s) was formed in the 1st single crystal Si 
substrate front face by thermal oxidation as an insulating layer. 

[0154] The first ion implantation was performed from the 1st substrate front face so that projection range might come 
into Si substrate here. Of this, the layer which works as an isolation region was formed in the place of the depth of 
projection range as a distortion layer by the very small air-bubbles layer or the impregnation ion kind high concentration 
layer. The ion implantation was again performed in the range of 10mm of peripheries of a substrate on the almost same 
conditions as the first time after this. Thereby, the ion injection rate of a periphery became twice [ about ] a center 
section. 

[0155] After the above-mentioned ion implantation and this Si02 The layer front face and the front face of 2nd Si 
substrate prepared independently were heat-treated at the temperature of 600 degrees C, after making it contact, 
superposition and, and lamination was performed. 

[0156] Holding in a core the lamination substrate formed as mentioned above, and rotating it around a medial axis, when 



water jet injection was performed on water pressure 300 kgf/cm2 and conditions with a diameter of 0.1mm in parallel 
with a lamination side from the periphery, said isolation region broke and the wafer was separated very good. 
[0157] Consequently, Si02 formed in the first base front face from the first The remaining part of a detached core 
remained in the 1st substrate front face on which a part of layer, surface single crystal layer, and detached core were 
transferred to the 2nd substrate side. The 2nd substrate of the account of Gokami of the above-mentioned separation was 
annealed at 1000 degrees C, CMP equipment ground and removed the detached core transferred on the 2nd substrate 
after that, and the front face was graduated. 

[0158] That is, the single crystal Si layer which had the thickness of 0.2 micrometers on Si oxide film can be formed. In 
this way, when the thickness of the single crystal Si layer formed on the done insulating layer was measured about the 
whole surface within a field in the 100-point location, the homogeneity of thickness was 201nm**7nm. 
[0159] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 
introduced into Si layer, but it was checked that good crystallinity is maintained. 

[0160] When it furthermore heat-treated at 1 100 degrees C in hydrogen for 1 hour and the atomic force microscope 
estimated surface roughness, the 2nd [ an average of] power granularity in the field of 50-micrometer angle was 
equivalent to Si wafer usually marketed by about 0.2nm. 

[0161] The same result is obtained, whether it forms an oxide film in the 2nd substrate front face instead of an epitaxial 
layer front face or forms in the both. 

[0162] Moreover, the detached core which remained in the 1st substrate side can be reproduced by etching and surface 
polish, surface treatment, such as hydrogen annealing, can be performed further if needed, and it can supply as the 2nd 
substrate as the 1st substrate again. 

[0163] Although this example is an example which relocates the surface field of Si wafer to the 2nd base through the 
detached core by the ion implantation from the first, it may transfer an epitaxial layer to the 2nd substrate through the 
detached core by the ion implantation using an epitaxial wafer. Moreover, it is a front face Si02 after the ion 
implantation of this example. After removing, an epitaxial layer is formed, and it is Si02 further. It may form, may go 
into a lamination process the back, and an epitaxial layer may be transferred to the 2nd substrate through the detached 
core by the ion implantation. As for the case of the latter, the surface field of Si wafer will also be relocated from the 
first. 
[0164] 

[Effect of the Invention] When according to each above-mentioned example separating a compound member and 
separation advances inside from the edge section of a lamination base even if it makes the force for separation high, both 
both [ one of the two or ] which were separated to the middle break. 

[0165] Moreover, it can prevent that the particle which an isolation region collapses and generates pollutes a process. 
Moreover, the yield of separation can be improved also when it is going to dissociate by other approaches without using 
a fluid. 

[0166] Furthermore, when separating a base from the isolation region made by the compound member of the stuck semi- 
conductor base and others, at an intermediate process, separation does not take place but the compound member suitable 
for dissociating certainly can be formed in a separation process. 
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TECHNICAL FIELD 



[Field of the Invention] Especially this invention relates to the manufacture approach of a semi-conductor base at the 
separation approach list which separates the compound member a compound mechanical strength has the weak brittle 
structured division inside about the manufacture approach of a semi-conductor base in a compound member and its 
separation approach list, and it. Especially this invention is suitable for the process of the substrate (SOI substrate) which 
has the SOI (Semiconductor on insulator) structure which is a kind of a semi-conductor base. 
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PRIOR ART 



[Description of the Prior Art] The device which adopted this SOI substrate has many dominance points which cannot be 
attained in the usual Si substrate. As this dominance point, the following are mentioned, for example. 

(1) Dielectric separation is easy and suitable for high integration. 

(2) Excel in radiation resistance. 

(3) Stray capacity is small and improvement in the speed of the working speed of a component is possible. 

(4) A well process is unnecessary. 

(5) A latch rise can be prevented. 

(6) Formation of the perfect depletion mold field-effect transistor by thin-film-izing is possible. 

[0003] Since SOI structure has above various dominance points, research on the formation approach has been advanced 
for here dozens years. 

[0004] as a SOI technique - old - a single crystal silicon-on-sapphire top Si ~ CVD (chemistry gaseous layer growth) 
-- the SOS (silicon on sapphire) technique which is made to carry out hetero epitaxy growth and is formed by law is 
known. Although this SOS technique obtained evaluation temporary as a SOI technique which matured most, utilization 
is not progressing for the reasons of generating of a lot of crystal defects by the grid mismatching in the interface of Si 
layer and the silicon on sapphire of a substrate, mixing to Si layer of the aluminum which constitutes silicon on sapphire, 
the price of a substrate, the delay to large-area-izing, etc. 

[0005] Subsequently to an SOS technique, the SIMOX (separation by ion implanted oxygen) technique appeared. 
Aiming at reduction of a crystal defect, reduction of a manufacturing cost, etc., various approaches have been tried about 
this SIMOX technique. On both sides of the approach and oxide film which pour in and embed oxygen ion as this 
approach at a substrate, and form an oxidizing zone, stick two wafers, and the wafer of 1 in all side is ground or etched, 
the approach of leaving a thin single crystal Si layer on an oxide film -- further After driving a hydrogen ion into the 
predetermined depth from the front face of Si substrate in which the oxide film was formed and sticking with the 
substrate of another side, it leaves a thin single crystal Si layer on this oxide film by heat-treatment etc., and the approach 
of exfoliating the stuck substrate (substrate of another side) etc. is mentioned. 

[0006] A new SOI technique was indicated in the patent No. 2608351 official report or U.S. Pat. No. 5,371,037. This 
technique transfers a nonvesicular single crystal layer to the second substrate by removing a garbage for the first 
substrate in which the nonvesicular single crystal layer was formed on the single crystal semiconductor substrate with 
which the porous layer was formed, lamination and after that to the second substrate. This technique is excellent in 
respect of the ability to manufacture [ that the thickness homogeneity of a SOI layer is excellent, that the crystal defect 
consistency of a SOI layer can be reduced, that the surface surface smoothness of a SOI layer is good, that the 
manufacturing installation of an expensive special specification is unnecessary, ] the SOI substrate which has the SOI 
film of the range which is several lOnm - about 10 micrometers by the same manufacturing installation. 
[0007] Furthermore, these people dissociated from the second substrate, without destroying the first substrate in JP,7- 
3 028 89, A, after sticking the first above-mentioned substrate and second above-mentioned substrate, after that, are 
making the front face of the first separated substrate smooth, and forming a porous layer again, and indicated the 
technique which reuses the first substrate. One example of the approach indicated by the official report concerned is 
explained using drawing 12 (a) - drawing 12 (c). After porosity-izing the surface layer of the 1st Si substrate 1001 and 
forming a porous layer 1002, the single crystal Si layer 1003 is formed on it, and the principal plane of 2nd Si substrate 
1004 with another this single crystal Si layer and first Si base is stuck through an insulating layer 1005 ( drawing 12 (a)). 
Then, a SOI substrate is formed by dividing the wafer stuck by the porous layer ( drawing 12 (b)), and removing 
alternatively the porosity Si layer exposed to the front face by the side of 2nd Si base ( drawing 12 (c)). The first Si 
substrate 1001 can remove and reuse the porous layer 1002 which remained. 

[0008] Invention indicated by JP,7-302889,A is very useful when attaining low cost-ization of a semi-conductor 
substrate, since the substrate with which the structure of a porosity silicon layer dissociates and used the substrate for the 
production process of a semi-conductor substrate once using the brittle point compared with nonvesicular silicon can be 



again used for the production process of a semi-conductor substrate. Moreover, since the first substrate can be used for 
this technique without futility, it can reduce a manufacturing cost sharply and has the outstanding advantage that a 
production process is also simple. 

[0009] As an approach of separating the first base (substrate) of the above, and the second base (substrate) Others 
[ approaches /, such as pressurization, hauling shear, wedge insertion, heat treatment, oxidation, wave-motion 
impression, and a wire cut, ], There is an approach which this invention persons spray the fluid proposed in the 
application number 047 or No. 327 for which it applied to the U.S. on an isolation region, and separate on Japanese 
Patent Application No. No. 75498 [ nine to ] and March 25, 1998. As this fluid, a gas and/or a liquid are used and the 
water jet using the liquid which uses especially water as a principal component etc. can use it preferably. On the occasion 
of separation, this approach enters equally the clearance between not only an operation but the first base and the second 
base with which water cuts a lamination side, and can put a comparatively uniform separation pressure on the whole 
separation side. Moreover, this approach cannot sprinkle particle like [ in the case of a gas ], but can flush it rather. The 
approach of separating by wedge insertion is excelled in these two points. When especially the mechanical strength of an 
isolation region is made brittler than a lamination part, by spraying the flow of a fluid on this, only a brittle part is 
fractured, destroyed or removed and the part with the other strong reinforcement has the big advantage that it can leave 
without being destroyed. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] When according to each above-mentioned example separating a compound member and 
separation advances inside from the edge section of a lamination base even if it makes the force for separation high, both 
both [ one of the two or ] which were separated to the middle break. 

[0165] Moreover, it can prevent that the particle which an isolation region collapses and generates pollutes a process. 
Moreover, the yield of separation can be improved also when it is going to dissociate by other approaches without using 
a fluid. 

[0166] Furthermore, when separating a base from the isolation region made by the compound member of the stuck semi- 
conductor base and others, at an intermediate process, separation does not take place but the compound member suitable 
for dissociating certainly can be formed in a separation process. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, if the reinforcement of an isolation region is strong when it is 
going to separate the stuck compound member using fluids, such as a water jet, and a fluid is sprayed a side face, 
especially near an isolation region side face a compound member, flow of a fluid may be unable to destroy or cut an 
isolation region easily. In such a case, although it can dissociate by heightening the pressure of a fluid, if a pressure is 
made high too much, as the crack advances inside from the side face of a lamination base, it may be divided for the 
pressure of the fluid with which both both [ one of the two or ] which were separated were poured into the isolation 
region. For this reason, the yield fall might occur in the separation process. Although one approach for avoiding this is 
weakening the mechanical strengths of all isolation regions further, and making it brittler structure, when it weakens too 
much, an isolation region breaks during the handling of the base of the heating process and washing process in the 
middle of a compound member creation process, and others, it may not result in lamination, or an isolation region may 
collapse, particle may occur and it may become a pollution source. 

[001 1] Moreover, since the same problem arises fundamentally also when it is going to dissociate by other approaches 
without using a fluid, the yield in a separation process may fall. 

[0012] The purpose of this invention is to offer the compound member which can separate a compound member 
comparatively easily, and its separation approach, without damaging the separated base. 

[0013] Another purpose of this invention is to offer the compound member which the mechanical strength of an isolation 
region could be strengthened comparatively, suppressed collapse which an isolation region does not mean, and 
suppressed generating of particle, and its separation approach. 
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MEANS 



[Means for Solving the Problem] This invention can be attained by the manufacture approach of the semi-conductor base 
characterized by the uneven thing in the separation approach of a compound member including the process which 
divides a compound member into two or more members in an isolation region in the direction in which the mechanical 
strength of an isolation region met the front face of a compound member. 

[0015] It is desirable that the mechanical strength of the compound member periphery of said isolation regions is 
especially weaker than a center section. Moreover, as for said isolation region, it is desirable to coincidence that a 
mechanical strength is weaker than said lamination part. 

[0016] This isolation region can use the layer which can obtain the very small air bubbles formed of the porous layer 
formed by the anodization method, or ion implantation. When using semi-conductor bases, quartz wafers, etc., such as Si 
wafer, as the first base of the above, or the second base, although these have the orientation flat and the notch, since it is 
disc-like in general, said compound member which sticks these first bases and the second base of each other, and 
changes is also outline discoid. In such a case, the mechanical strength of said isolation region has the high heterogeneity 
to which it becomes low by the periphery in the core in this compound member, and the in general more uniform one is 
divided into a circumferencial direction good. When a compound member is rectangular plate-like part material, the 
mechanical strength of the corner, one side, or the perimeter is weakened. 

[0017] A mechanical strength can be made into an ununiformity by forming in said isolation region the part from which 
porosity differs mutually. Since a mechanical strength becomes weak so that porosity is enlarged, a mechanical strength 
is changed by changing porosity. The mechanical strength in the periphery can be weakened by more specifically making 
porosity higher than a center section at a periphery. 

[0018] Said isolation region can make a mechanical strength an ununiformity also by changing the thickness. Since a 
mechanical strength becomes weak, a mechanical strength also changes by changing the thickness, so that thickness of 
said isolation region is thickened. Therefore, the porous layer of said isolation region can weaken the mechanical 
strength in the periphery also by making the thickness at a periphery larger than the center section of the base. 
[0019] In order to obtain the compound member which was more suitable although separation does not take place at the 
process before the separation process of said compound member but it dissociates certainly at a separation process, it is 
more desirable to form said isolation region from two or more layers from which a mechanical strength differs. It is 
desirable that the porosity which adjoins a nonvesicular single crystal half conductor layer makes thickness of a layer 
with high porosity thinner than the thickness of a low layer into said isolation region which consists of two or more 
above-mentioned layers especially. There is not necessarily no need that the structure of each layer in it changes steeply 
in the interface, as for two or more above-mentioned layers. Though it is changing continuously by the interface of 
adjacent layers, it becomes easy to separate the reinforcement and structure of each class rather than reinforcement is 
uniform over the whole isolation region. 

[0020] In said isolation region which consists of two or more layers from which said mechanical strength differs, it is 
more desirable that the porosity of a layer with said high porosity is more higher than near the center section of the base 
at a periphery. 

[0021] When forming said isolation region which consists of a field of the shape of two or more layer where said 
mechanical strengths differ, the porosity which is the 2nd layer with said large porosity can be made at a periphery larger 
than the center section of the base by making at a periphery thickness which is the 1st layer with said small porosity 
larger than the center section of the base. 

[0022] this invention persons were conducting the experiment which performs various reconstruction to anode plate 
degassing equipment that a good porous layer should be formed. It found out then that there was an Si wafer which has 
the field internal division cloth of porosity in two or more Si wafers which performed porosity-ized processing using the 
anode plate degassing equipment of a certain gestalt. 

[0023] Moreover, it turned out that the sample in which the nonvesicular layer was formed on the porous layer is 
prepared, and there is a sample which can exfoliate more easily from what has comparatively high porosity even if the 



porosity of a porous layer is comparatively low, when the experiment which exfoliates the nonvesicular layer is 
conducted. 

[0024] If it sets to the porous layer to which porosity has field internal division cloth like the operation gestalt mentioned 
later based on the two above-mentioned knowledge and the layer of the degree of Kota hole fractures or collapses 
comparatively, the layer of comparatively low porosity will also be fractured easily and it will not receive effect in the 
absolute value of porosity so much. 

[0025] That is, when there is a layer of the degree of Kota hole relatively [ periphery / which is easy to make separation 
start / of a member ], irrespective of the absolute value of the porosity, it finds out that separation becomes easy and 
came to make this invention. 
[0026] 

[Embodiment of the Invention] Drawing 1 (a) - drawing 1 (c) are the sectional views of the compound member by the 
gestalt of 1 operation of this invention. 

[0027] As a compound member is shown in drawing 1 (a), the first base 1 and second base 2 stick mutually, are set, and 
are formed, and the isolation region 3 is formed in the interior. Here, the first base 1 has a lamination interface in the 
place which is contacted on the front face of the second base 2, is stuck, and shows the layer 4 formed on the isolation 
region 3 to a sign 5. 

[0028] The mechanical strength has the comparatively strong part 3 1 and the weak part 32, and an isolation region 3 has 
the part 32 with a weak mechanical strength in the periphery (periphery of an isolation region) of a compound member. 
[0029] Since the weak part 32 of a mechanical strength exists in the periphery of a compound member relatively when 
separating this compound member, a crack or collapse arises into this part 32 previously, and it becomes easy to separate 
a compound member. 

[0030] For explaining in more detail, drawing 1 (a) formed the part 32 which consists of a porous body with high 
porosity in the periphery of the isolation region 3 where thickness is uniform, and has formed the weak part 32 of a 
mechanical strength locally at the periphery by forming the part 31 which consists of a porous body with low porosity in 
the center section. Drawing 2 (a) shows the location of the strong part 31 of the mechanical strength at the time of seeing 
this compound member from a top face, and the weak part 32. A sign 7 is an orientation flat prepared if needed. 
[0031] Moreover, the weak part 32 of a mechanical strength may be a part of periphery section, as shown in drawing 2 B 
instead of all the peripheries of a compound member. It is desirable to make area of the strong part 3 1 of a mechanical 
strength sufficiently larger than the area of the weak part 32. 

[0032] Drawing 1 (b) is making into an ununiformity thickness of the isolation region 3 which consists of a porous body 
of uniform porosity, and forms the weak part 32 of a mechanical strength in a periphery. As the flat surface of an 
isolation region 3 is shown in drawing 2 B also in this case, it may be locally formed in a part of periphery section. 
[0033] Drawing 1 (c) forms the weak part 32 of a mechanical strength by forming a part with many ion injection rates in 
a periphery by ion implantation. Also in this case, as shown in drawing 2 (b), an ion injection rate can be locally made 
[ many ] and the weak part 32 of a mechanical strength can also be formed in a part of periphery section. Since very 
small air bubbles will arise if a hydrogen ion and rare gas ion are driven in and predetermined heat treatment is 
performed, the part by which the ion implantation was carried out to high concentration can also be made into a porous 
body with high porosity. 

[0034] Both, the weak part 32 of a mechanical strength is higher than other parts, is thickening and may form the 
porosity and thickness of a porous body locally. Moreover, ion may be locally driven into the isolation region which 
consists of a porous body, the porous body of the part by which the ion implantation was carried out may be made brittle, 
and a mechanical strength may be weakened. 

[0035] That is, it is also desirable to combine suitably the description part of a configuration of to have been shown in 
drawing 1 (a) - drawing 1 (c). 

[0036] As the first base 1 used for this invention, tabular semi-conductor wafers other than Si wafer, such as germanium, 
SiGe, SiC, GaAs, GaAlAs, and InP, GaN, are used preferably. 

[0037] As the second base 2, you may be insulating bases, such as quartz glass and a resin sheet, and metallicity bases, 
such as stainless steel, besides the same semi-conductor wafer as the first base 1. 

[0038] The monolayer or two or more layers which consist of an ingredient chosen from the same semiconductor 
material as the ingredient of the first base as a nonvesicular layer are used preferably. When separating composite 
material and producing a SOI substrate, it is desirable that it is a single crystal half conductor layer. 
[0039] What was formed with different ingredients from a layer 4, such as an insulator or a conductor, as a layer 6 shown 
in drawing 1 (c) is used preferably. 

[0040] And when sticking the first and the second base, it is desirable to also make an insulating layer and the layer of 
adhesives intervene in between. 

[0041] Drawing 3 (a) and drawing 3 (b) are graphs which show relatively distribution of the mechanical strength within 
the field of a compound member. 



[0042] The part from a certain location LE 2 which a mechanical strength increases a continuous line 107 from the left 
periphery edge LE 1 of a compound member gradually toward the right periphery edge RE 1 of a compound member to 
the center O toward Center O, and includes Center O to a location RE2 is the gestalt which a mechanical strength is the 
strongest and is fixed. 

[0043] An alternate long and short dash line 108 is a gestalt in which the mechanical strength has changed intermittently 
between the periphery section (part from [ from the periphery edge LE 1 to a location LE 2 ] the periphery edge RE 1 to a 
location RE2), and a center section (from a location LE 2 to a location RE2). 

[0044] A broken line 109 is a gestalt which the mechanical strength is increasing from the periphery edges LEI and RE1 
continuously towards Center O, and, as for a mechanical strength, takes maximum in the Center O. 
[0045] In this invention, it is desirable that the mechanical strength in the part from the location of the method of the 
inside of 5mm to the periphery edge of an isolation region weakens locally rather than the mechanical strength in a 
center section toward a center from the periphery edge of a compound member. If it is made to correspond to drawing 3 
(a), it is desirable to form an isolation region as a film so that the location of the method of the inside of 5mm may 
consist of a periphery edge of a compound member toward a center between LEI and LE2 and/or between RE2 and RE1. 

[0046] Furthermore, when separating the compound member of the diameter of macrostomia from the periphery edge 
toward the center, it may be unable to dissociate so that the center section of the compound member may wish. In this 
case, it is good to form the weak part of a mechanical strength in the center locally. 

[0047] Drawing 3 (b) shows an example of such a gestalt, and the high part of a mechanical strength is the doughnut-like 
part M between a periphery and a center. 

[0048] As an isolation region, when using a porous layer, it is good for a mechanical strength to make the porosity of a 
weak periphery 35% or more more preferably 20% or more, and to make the upper limit of porosity 80% or less. 
Although the porosity of the center section where a mechanical strength is strong should be just lower than a periphery, it 
is good to choose desirably, so that it may become it is more desirable and lower than 5% or more of less than 20% of 
within the limits to a periphery less than 35% 5% or more. 

[0049] If there is 10% or more of differences of porosity more preferably 5% or more, the difference of sufficient 
mechanical strength to divide a compound member into a periphery and a center section easily will be acquired. 
[0050] Moreover, what is necessary is just to make the porosity of the part in which this part M, i.e., a mechanical 
strength, has the maximal value in making an isolation region from a porous body, since it becomes a part with the part 
strong [ a mechanical strength ] which shows with Sign M in the case of drawing 3 (b) more preferably as low as less 
than 20% 5% or more less than 35% 5% or more as well as the center section of drawing 3 (a). 
[0051] The porosity of the center O in drawing 3 (b) is good to choose from 20% - 80% of range suitably that what is 
necessary is just more highly than Part M, so that the relation may be filled. 

[0052] Porosity [ of a porous body ] P (%) expresses the rate of the volume which a hole occupies in the volume of the 
appearance of a porous body here. This porosity is expressed with the following formula using the consistency m of a 
porous body and the consistency M of a nonvesicular object which were formed on said 1st base. 
[0053] 

P={(M-m) /M} xlOO (%) (1) 

Here, weight G of the appearance of the porous-layer object containing a hole is **(ed) by the volume V of the 

appearance of the porous body containing a hole with the consistency m of a porous body. m=G/V (2) 

It comes out. In order to ask for the porosity P of the porous layer of the base which actually has layer structure only 

whose depth d by the side of a front face is a porous body, it can ask from a degree type using the weight B of the base 

after removing completely the weight a and the porous layer of said base after forming the weight A and the porous layer 

of a base before forming a porous layer. 

[0054] 

P={(A-a)/(A-B)} xlOO (3) 

Next, the production approach of a compound member is described. 

[0055] First, the first base 1 like Si wafer is prepared, and an isolation region 3 is formed in the part of the predetermined 
depth from the front face or a front face. There is the approach of forming in the part of the predetermined depth the ion 
implantation layer from which impregnation ion concentration serves as max from the front face of the first base 1 by 
carrying out the ion implantation of the different ion from the configuration element of a base like the approach and/or 
hydrogen ion which porosity-ize the front face of the first base 1 by anodization etc., or rare gas ion as a method of 
forming an isolation region. By controlling the conditions of anodization, and the conditions of ion implantation by the 
below-mentioned procedure, the weak part of a mechanical strength is made to a periphery. 

[0056] Next, the nonvesicular layer 4 is formed on an isolation region 3 if needed, and it sticks on the 2nd base. In using 
ion implantation, the surface of the first base turns into the nonvesicular layer 4 as it is. In using porosity-ization, it forms 
a layer 4 by sputtering or C VD on the front face of the first porosity-ized base 1 . 



[0057] And the nonvesicular layer 4 is stuck on the 2nd base like Si wafer through an insulating layer 6 direct or if 
needed. In this way, a compound member is done. 

[0058] One approach with being such for forming the weak porous layer of a mechanical strength locally is changing the 

current density of anodization in a field, the formation which flows into the periphery of a semi-conductor base — by 

making current density high in the periphery of a base, it is thicker than the center section of the base, and the thickness 

and/or the porosity in a periphery of a base of said porous layer can be made high. In order to realize the above current 

density distribution, it is making the cross section to which the ion current in anodization liquid [ / near the base 

degassed ] flows in the case of anodization larger than the area of the base to degas, the formation which flows into a 

base periphery by this — the formation which flows the surface density of a current in the center of a base — what is 

necessary is just to make it larger than the surface density of a current What is necessary is to enlarge and for a base just 

to receive the ion current of the cross section larger than the area of a base from the base which degases specifically used 
********** 

[0059] Drawing 4 shows notionally the equipment used for anodization. As for the DC power supply for anodization in 
101, and 102, in drawing 4 , a cathode electrode and 103 are anode electrodes. 104,105 is an insulating supporter holding 
the processed base 1, and carries out the engagement of the base 1 in a crevice. 106 is an insulating layer pars basilaris 
ossis occipitalis. 

[0060] here — the area of an electrode 102,103 — 1.2 time [ of the area of a base 1 ] - they are 1.3 times to about 2.0 
times more preferably 3.0 times. 

[0061] If it is made this appearance, in case the ion which has flowed from an outside [ edge / of a base / periphery ] will 
be brought together in a base, it flows in mostly by the periphery of a base, and it is large in the thickness of the porous 
layer of that part, and porosity can be made high. 

[0062] Furthermore, it is possible to perform two or more steps of anodization, to make thickness of the periphery of the 
1st porous layer thicker than a center section, and to make higher than the porosity of a center section the porosity of the 
periphery of the 2nd porous layer which this forms after that. 

[0063] When distribution of such an inrush current needs to be further controlled to a precision, the current guide which 
controls the ion current distribution which flows into a base front face near the base to degas can be prepared, and 
distribution of the thickness of a layer with said small porosity can be controlled by controlling ion current distribution. 
[0064] In using the layer which can obtain the very small air bubbles (microcavity) formed of said ion implantation as 
said isolation region, by making the consistency of ion implantation high, the magnitude and the consistency of the 
above-mentioned very small air bubbles, thickness over which very small air bubbles are distributed can be enlarged, 
and, thereby, it can make the mechanical strength of this field small. 

[0065] Then, it is possible by making the ion injection rate of a base periphery larger than a base center section to raise 
the very small air-bubbles consistency per unit volume of a base periphery, and to make porosity higher than a base 
center section. 

[0066] Drawing 5 is a graph which shows the field internal division cloth about the diameter direction of the porosity of 
the porosity acquired by the approach as shown in drawing 4 . 

[0067] Since a mechanical strength becomes weak so that porosity becomes high, compared with the continuous line 107 
of drawing 3 (a), the continuous line 207 and dotted line 209 of this drawing 5 are the pattern of vertical reverse from 
this graph. 

[0068] If the ratio of the area of an electrode 102,103 to the area of a base is large enough, it will become like a 
continuous line 207, and when the ratio of the area of an electrode to the area of a base is small, there is an inclination 
which becomes like a broken line 209. In this way, the porous body of the degree of Kota hole can be formed in a 
periphery. 

[0069] The technique of on the other hand making the porous layer of mechanical-strength distribution as shown in the 
alternate long and short dash line 1 1 of drawing 1 (a) and drawing 3 (a) is described. The 1st approach is as follows. The 
photoresist pattern used as the mask of an ion notes necessity is prepared only in the periphery section of a base 1, and 
boron ion is injected into a center section. Anodization using the electrode of the almost same area is given with a base to 
the base with which the boron ion concentration of the periphery section became low locally, and the periphery section 
makes the porous layer of low porosity [ center section ] from the degree of Kota hole. 

[0070] The 2nd approach is as follows. Except for the periphery section of a base, a center section is covered with 
anodization-proof masks, such as a wax, general anodization is performed under the conditions of high current density, 
and the periphery section is porosity-ized. 

[0071] Next, the mask of the periphery section is carried out, general anodization is performed under the conditions of a 
low current consistency, and a center section is porosity-ized. 

[0072] The 3rd approach also has the approach only the periphery section raises porosity by ion implantation, after 
forming a uniform porous layer by general anodization. If ion injection rate distribution is controlled, a porous layer with 
intensity distribution as shown in drawing 3 (a) and drawing 3 (b) can be formed with a sufficient controllability. 



[0073] However, probably, in respect of a manufacturing cost, the approach shown in drawing 4 will be more 
advantageous than these approaches. 

[0074] Next, the production approach of the compound member shown in drawing 1 (c) is described more concretely. 
[0075] A base like Si wafer is oxidized and an insulator layer 6 is formed. The ion implantation of hydrogen or the rare 
gas ion is carried out to the whole base surface with predetermined acceleration voltage. The center section except the 
periphery section is covered with a photoresist mask pattern, and ion is driven in with the again same acceleration 
voltage as the periphery section. In this way, the isolation region 3 with the weak part 32 of a mechanical strength can be 
formed. 

[0076] A mask pattern is removed and an insulator layer 6 is stuck on the second base 2. A mechanical strength should 
just set heteroatom concentration of a weak part to 1020cm-3-1023cm-3, using a dose [ in / for the dose in the 1st ion 
implantation / the 2nd ion implantation ] as 1015cm-2-1017cm-2, respectively. 

[0077] Next, the separation approach of the compound member used for this invention is explained. As shown in 
drawing 6 (a), a compound member is divided into explaining the gestalt which separates the compound member shown 
in drawing 1 (a) as an example using the internal stress generated by heat treatment etc., and external force. Among 
isolation regions 3, since a periphery 32 has a locally weak mechanical strength, this collapses first or a crack produces it 
first here. Drawing 6 (a) shows signs that apply the force 111 which inserts a wedge 110 and pulls apart the periphery of 
the first base 1 from the second base 2, and it dissociates. 

[0078] And a compound member is divided into two as shown in drawing 6 (b). When the residual layer 37 of the 
isolation region 3 which remains on the nonvesicular layer 4 is comparatively thick, polish and etching remove a residual 
layer. And it heat-treats in a hydrogen ambient atmosphere if needed (hydrogen annealing). In this way, the base 2 
equipped with the layer 4 which has a smooth front face as shown in drawing 6 (c) is obtained. 
[0079] In the case of the application of a solar battery etc., it is not necessary to remove a residual layer. 
[0080] As the separation approach of said usable compound member, to this invention Pressurization, hauling which are 
indicated by JP,7-302889,A, Various approaches, such as shear, wedge insertion, heat treatment, wave-motion 
impression, and a wire cut, and said the first base and second base which were stuck which were proposed by Japanese 
Patent Application No. No. 75498 [ nine to ] by spraying a fluid near the side face of said isolation region The approach 
of dividing into two or more members in a different isolation region from a lamination interface is usable. 
[0081] In order to dissociate in this invention, the flow of the fluid to be used is realizable by injecting the pressurized 
fluid from a thin nozzle, as the approach for making flow to inject into a high speed and a high-pressure narrow beam 
more — "a water jet" — a fluid jet process which is introduced to the 4th page per volume [ 1st ] No. etc. can be used. 
Fluid jet usable to this invention is 100 pressurized by high pressure pumping - 3000 kgf/cm2. By injecting a high- 
pressure liquid from a nozzle with the thin diameter of about 0.1 -0.5mm, cutting (however, an abrasive material is added 
to water at the time of a hard ingredient) of the ceramics, a metal, concrete, resin, rubber, wood, etc., processing, removal 
of a surface paint film, washing on the front face of a member, etc. can be performed. In how to use the conventional 
water jet, it was the main effectiveness to remove some ingredients as mentioned above. That is, carrying out water jet 
cutting only in that for a principal piece, and removing ** and removal of a paint film, and washing on the front face of a 
member were removing an unnecessary part. 

[0082] As the formation approach of the flow of the fluid of this invention, when using a water jet, it is possible by 
injecting a water jet on the side face of said isolation region to separate a compound member. In this case, said isolation 
region side face is first exposed on the side face of a lamination base, and a direct water jet is injected on there and the 
outskirts of it. Then, each base does not receive damage, but only the isolation region where mechanical strength is 
brittle is removed by the water jet, and the base of two sheets is separated. Moreover, said isolation region side face is 
not exposed beforehand by a certain reason, and even when the part is covered by film like an oxide film, after removing 
a wrap layer for an isolation region first by the water jet, it can dissociate by the water jet. 

[0083] Moreover, although it is the effectiveness which was not used in the conventional water jet, by injecting jet to the 
crevice of the side face of a compound member, said isolation region where structure is brittle can be extended, it can 
destroy, and a lamination wafer can also be separated. In this case, it is possible to dissociate without giving a damage on 
the surface of separation, without using abrasives, even if the cutting waste of an isolation region is hardly generated and 
an isolation region cannot remove with the jet itself as a material. 

[0084] Thus, this effectiveness can also be considered to be the effectiveness of a kind of same wedge as what was 
shown in drawing 6 (a) by the fluid instead of effectiveness, such as cutting and polish. Therefore, by a crevice's having 
this effectiveness in the side face of a lamination base, and injecting jet, when the force is applied in the direction which 
lengthens and removes an isolation region, effectiveness can be expected very much. It is more desirable for the 
configuration of the side face of a compound member to be not a convex type but a concave, if it is fully going to 
demonstrate this effectiveness. 

[0085] Drawing 7 is the outline perspective view showing an example of the water jet equipment used for the 
manufacture approach of the semi-conductor base used for this invention. In drawing 7 , a sign 1 is the compound 



member which carried out the lamination unification of the two Si wafers, and an isolation region 3 exists in the interior. 
403,404 is the holder which adsorbs / fixes the compound member 1 by the vacuum chuck, and exists on the same 
revolving shaft mutually. Furthermore, a holder 404 can be rotated at the speed of arbitration by connecting with 
susceptor 409 through bearing 408, and the speed-control motor 410 linking directly and being connected in the rear. 
Moreover, the holder 403 was connected with susceptor 409 through bearing 411, and the force is applied in the 
direction YA in which a holder 403 separates from the compound member 1 by minding a compression spring 412 
between susceptors 409 in the rear. 

[0086] First, it sets so that the compound member 1 may be learned from a gage pin 413, and it is made to adsorb/hold at 
a holder 404. if a holder 404 is about the compound member 1 at a gage pin 413 ~ ****-- it is things and compound 
member 1 center section can be held. Next, the compound member 1 learns it from bearing 411, and advances it leftward 
until it adsorbs / holds a holder 403. As for a holder 403, at this time, the force takes rightward by the compression spring 
412. As for the appearance which a holder 403 does not separate from the compound member 1 by the force by the 
compression spring 412, the force in which a compression spring 412 returns, and the force in which a holder 403 
attracts the compound member 1, balance is maintained at this time. 

[0087] Next, it continues taking out during 1 scheduled time until it sends water into the water jet nozzle 402 from the 
water jet pump 414 and the water to spout is stabilized. If water is stabilized, the water (following water jet water) which 
opened the shutter 406 and blew off from the water jet nozzle 402 on the side face of the compound member 1 will be 
hit. At this time, the compound member 1 and a holder 403 are rotated by rotating a holder 404. In the side face of the 
compound member 1, water jet water is hitting near the core of the thickness, it extends the compound member 1 from 
the periphery section to two bodies toward a core, destroys a comparatively weak isolation region within the compound 
member 1, and, finally divides it into two bodies. 

[0088] Like, after [ which was mentioned above at this time ] dissociating since the force is working rightward while 
water jet water is equally poured on the compound member 1 and a holder 403 holds the compound member 1, it is the 
device in which compound member 1 separated comrades do not slide. 

[0089] Moreover, a liquid with the operation which does not use water but etches alternatively the isolation region of 
alkali and others, such as acids, such as organic solvents, such as alcohol, and fluoric acid, a nitric acid, or a potassium 
hydroxide, as a fluid to be used etc. is usable. Furthermore, gases, such as air, nitrogen gas, carbon dioxide gas, and rare 
gas, may be used as a fluid. Gas and the plasma which have an etching operation to an isolation region can also be used. 
As for the water to be used, for the separation approach of the compound member introduced into the production process 
of a semi-conductor base, it is desirable to use water with the high purity of the pure water from which an impurity 
metal, particle, etc. were removed as much as possible, ultrapure water, etc. Moreover, if it washes after separation even 
if it uses fluid jet other than pure water, since it is a perfect low-temperature process, an impurity and particle can also be 
removed enough. 

[0090] When using the approach of spraying such a fluid, it is desirable to give the configuration where it cratered in a 
concave which produces the force of the direction which extends an isolation region in response to liquid flow near the 
isolation region of said compound member. When it is going to separate the compound member with which the base of 
two sheets sticks and it comes to unite it across an isolation region in an isolation region, such structure can be easily 
realized by beveling the edge of each base. 

[0091] When applying separating power to the isolation region currently beforehand formed in the compound member 
the flow of a fluid like a water jet, or by using the various approaches of pressurization, hauling, shear, wedge insertion, 
heat treatment, wave-motion impression, a wire cut, and others and separating into two, separation advances by [ of an 
isolation region ] destroying a brittle part mechanically. Also when the flow of a fluid is injected near an isolation region, 
the flow of a fluid removes or destroys the isolation region where a mechanical strength is brittle. And since the other 
part which is not brittle remains without being destroyed an isolation region being removed fundamentally [ in the case 
of a fluid ], there is an advantage that it can dissociate without damaging the part used after separation as a result. 
However, in the case of [ neither of] the approaches, an isolation region may be unable to be destroyed if the 
reinforcement of an isolation region is not weak enough. For example, an isolation region may be unable to be destroyed 
or removed by the flow of the fluid of a predetermined pressure. 

[0092] In order to solve this, when the pressure of a fluid is heightened, it is destroyed to the other part but not only an 
isolation region, for example, in separation of a lamination base, the tabular first or the second base may break. If the 
pressure of a fluid is lowered in order to prevent this, the dilemma that separation is impossible will arise. 
[0093] It is necessary to stuff a solid wedge into the isolation region of the part formed in the periphery of a near [ the 
front face of the isolation region formed into the compound member at the initial stage of separation (for example, a 
disc-like lamination base) ] by the separation approach of above most. Thus, it is necessary to advance separation from a 
front face in many cases. However, the part near a front face has the problem that the area which applies separating 
power is small while separation does not advance, and the area consistency of the force must be made high. Although 
this can apply separating power to the separated field, it is because separating power cannot be applied to the field which 



has not been separated yet. In the phase in which separation advanced, since the area which can apply separating power 
increases and the surface density becomes low even if it makes it easy to enlarge separating power applied to a 
separation side, and to separate, it becomes easy to prevent breakage (crack etc.) of the base accompanying separation. 
[0094] It is generated [ un-arranging / that an isolation region is destroyed /, and ], before thickening thickness of a 
porous layer which raises the porosity of the porous layer of an isolation region, or reaching a separation process in the 
middle of the formation process of said compound member in the early stages of separation by increasing the amount of 
formation of very small air bubbles by increasing the amount of ion implantation etc. if reinforcement becomes weak too 
much, although what is necessary is just to weaken mechanical strength in order to make separation easy. 
[0095] It became clear that this invention persons changed the mechanical strength of an isolation region in the direction 
parallel to a lamination side, and should just weaken the mechanical strength of the part near the lamination base front 
face of said isolation region, for example, a periphery, compared with a base center section especially in order to avoid 
such un-arranging as a result of wholeheartedly research. 

[0096] In the phase where the area of the field separated by the initial stage of separation cannot enlarge separating 
power small, the mechanical strength of an isolation region is weakened and separation is made to advance by the small 
force. This is possible by making small the mechanical strength of the isolation region near the periphery of a base. In 
the center section of the base, the mechanical strength of an isolation region is made higher than a periphery, and peeling 
in the middle of a process is prevented. 

[0097] In this way, since the area which separation put in the center section and was separated at this time is large even if 
it sets, even if it makes surface density of separating power small, the whole separating power becomes large and can 
advance separation. Such effectiveness has the most desirable approach of injecting the flow of the above-mentioned 
fluid to an isolation region, in order to prevent breakage of a base, applying separating power to homogeneity 
comparatively in the whole field separated although it is not based on the separation approach but is demonstrated. 
[0098] In order to make large the condition range for being stabilized and performing separation and to ensure separation 
without breakage of a base, the structure where an isolation region 3 consists of the field (22 23) of the shape of two or 
more layer where mechanical strengths differ like drawing 8 is desirable. In such a case, making the mechanical strength 
in a periphery small compared with the center section of the base can be realized comparatively easily, the case where 
the isolation region has a laminated structure of the layer 23 (this is called the porous layer first pass for convenience.) 
with small porosity, and the large layer 22 (this is called for convenience the second layer of a porous layer.) - the layer 
23 with small porosity -- first -- an anodization method — forming - after an appropriate time - formation - what is 
necessary is to enlarge a current and just to form the layer 22 with large porosity by the anodization method similarly 
[0099] As for the porosity of 22, according to the place which this invention persons studied wholeheartedly, it turned 
out that it was not decided only by the magnitude of a current and is dependent also on the thickness and the porosity of 
the above-mentioned porous layer first pass 23 the second layer of the above-mentioned porous layer, the above- 
mentioned porous layer second - formation of layer 22 - even if it sets up a current equally, when the thickness of the 
above-mentioned porous layer first pass 23 is thick or porosity is low, there is an inclination for the porosity of 22 to 
become high the second layer of the above-mentioned porous layer, for this reason - if thickness of the above-mentioned 
porous layer first pass 23 is made thin, for example, for keeping the porosity of 22 high the second layer of the above- 
mentioned porous layer ~ a porous layer second - formation of layer 22 - it is necessary to make a current higher It is 
drawing 9 which showed this relation. 

[0100] if - formation of the second layer of a porous layer - if a current is kept constant, and the thickness of the porous 
layer first pass changes, the porosity of the second layer of a porous layer will be influenced. Drawing 10 showed this 
relation. According to drawing 10 , it is the related Fig. of the porosity (%) of the second layer to first pass thickness 
(micron), and after forming the porous layer first pass, it is clear to affect the porosity whose property of the porous layer 
first pass is the second layer of a porous layer rather than to be able to to form the second layer of a porous layer 
independently of this. The detailed mechanism of such a phenomenon cannot be solved completely, however, it mentions 
later - as - formation of Porosity Si - formation - F- in liquid ion needs - having - ****-- the hole formation section 
at the tip of a hole - F- if ion is consumed — the hole from the front-face side of Porosity Si — inside - passing - new F- 
Ion needs to be conveyed and it needs to be supplied at the tip of a hole. 

[0101] such a hole - inner F- It is thought that it depends for the electric field of ion or the effectual mobility of 
transportation by diffusion on the hole size of the first pass or the die length of a hole, i.e., the thickness of the first pass. 
That is, the porous layer first pass itself formed of anodization restricts transportation of ion required for porous layer 
formation of the point. 

[0102] Therefore, F which needs the formed porous layer first pass for formation of the porous layer of the point - It 
works as an effectual mobility limit layer of ion transport, formation - if a current is fixed, formation advances, without 
porosity seldom changing to considerable thickness. This is F at a fixed current. - Although the hole of a certain size 
decided by consumption of ion and balance of supply is formed, when a current is increased on the way, it is F by 
existence of a porous layer [ finishing / formation / already ]. - It thinks for consumption of ion and the balance of supply 



to change and for the size of a hole to change a lot. 

[0103] F to which the thickness of the first pass increases and the inside of it is conveyed - If the effectual mobility of ion 
goes down F- in the tip of a hole ion concentration — falling — the formation of the holes — an ion lack layer spreads in 
liquid — formation — Si is etched for the part to which the potential barrier of the interface of liquid and Si single crystal 
front face in a hole becomes low breadth and there, and the size of a hole may be increasing. 

[0104] actually - formation — if a mobility limit layer does not exist in Si front face even if it enlarges a current simply - 
- porosity - not much - not increasing — rather — formation — a rate will increase, therefore, formation — the case where 
it is going to change porosity a lot according to increase of a current — a porosity increase layer and formation — certain 
F- above, between liquid The mobility limit layer of ion is required. Then, if thickness of the above-mentioned porous 
layer first pass is made thickly around a base, the porosity of the second layer of the porous layer of the part can be made 
larger than the porosity whose thickness of the first pass of a center section is the second layer of a thin part, and it will 
become possible to weaken the mechanical strength of the isolation region of a base periphery by this. 
[0105] This invention has the big description also in the point which can make the porosity of the layer 22 with said large 
porosity at a periphery larger than the center section of the base, when the mechanism of anodization is skillfully used 
for this appearance, and forming said isolation region which consists of a field of the shape of two or more layer where 
said mechanical strengths differ and said porosity makes thickness of the small layer 23 at a periphery larger than the 
center section of the base. 

[0106] And a porous layer can be formed in a wafer by the anodization approach using simple equipment as shown in 
drawing 4 as mentioned above. In this way, it is possible to make thickness of the base periphery of a layer with small 
porosity thicker than a base center section, and to make larger than the porosity of a base center section the porosity of 
the base periphery of a layer with the big porosity which this forms after that. When distribution of such an inrush 
current needs to be further controlled to a precision, the current guide which controls the ion current distribution which 
flows into a base front face near the base to degas can be prepared, and distribution of the thickness of a layer with said 
small porosity can be controlled by controlling ion current distribution. 

[0107] Moreover, it is as having shown and explained the water jet fuel injection equipment for separating a wafer and a 
thin film semiconductor from the compound member of the first base and the second base to above-mentioned drawing 
7 . 

[0108] Next, drawing 8 is drawing for explaining in detail an example of the structure of the lamination base which can 
be used for the approach of this invention, as mentioned above. In this example, the isolation region 3 has from this the 
two-layer structure with high porosity which mechanical strength becomes from 22 the second layer of weak porosity 
with the porosity first pass 23 with low porosity, as shown in drawing 8 . In this invention, the second layer of the above- 
mentioned porosity, 22 makes porosity near the periphery of a base higher than a center section, or should just thicken 
the thickness. A crack produces separation in the inside of 22, or its interface the second layer of the porosity in a 
different location from a lamination interface. The second layer of porosity, since the mechanical strength is weak, if the 
force is added in the direction which the first base 21 and second base 27 separate, only 22 will be destroyed the second 
layer of porosity and both will separate 22. In case the layer 4 which the porosity first pass 23 turns into from the 
nonvesicular single crystal Si at this time is formed, in order to suppress generating of a crystal defect, it is required for a 
layer 4 as a protective layer for destruction not to reach at a separation process. It is better for the yield to have 22 the 
second layer of porosity preferably, although it is also possible to dissociate without forming 22 the second layer of 
porosity if porosity is not made so high, of course. 
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EXAMPLE 



[Example] Next, each example explains the contents of this invention still more concretely. 
[0110] In [example 1] this example, anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 8 inch of the P type (or N type may be used) with the thickness of 625 micrometers of specific resistance 
0.01 ohm-cm into HF solution, formation of anode plate-ized stratification ~ ****** wa s created so that the cross 
section of a field parallel to an electrode and the above-mentioned Si single crystal base might be changed with the twice 
[ about ] of the area of this Si base, and this was used. 
[0111] The anodization conditions are as follows. 
[01 12] formation - current: - 2.6 (A) 

anodization solution: - HF:H2 0:C2 H5 OH=l:l:l hour: - 11 (minute) 

thus, the thickness of the center section of the porous layer of the degassed base — the porosity of a center section was 
[ the porosity of the thickness of the porous layer of a periphery ] 30% in about 19 microns at the maximum about 20% 
at about 12 microns. Although created on such conditions, electron microscope observation can investigate the 
magnitude of the hole of a periphery, and it is [ part / deep / center section ] clearly large from a front face. However, 
near the front face of a porous layer, the difference with a center section or a periphery remarkable in the magnitude of a 
hole is not seen. This is very important when carrying out epitaxial growth of the single crystal of Si with few defects to 
the shape of a porous layer at a next process. 

[0113] This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The wall of the 
hole of Porosity Si was covered with this oxidation by the thermal oxidation film. It washed by fluoric acid, and after 
performing 950-degree C heat treatment in a hydrogen ambient atmosphere subsequently, 0.3 micrometers grew the 
single crystal Si epitaxially with the CVD method of the following conditions on Porosity Si. 
[01 14] source gas: - SiH4 carrier gas: - H2 temperature: - 900-degree-C pressure: - lxlO-2Toor growth rate: - it 
formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation further 3.3 nm/sec. 
[0115] This Si02 Superposition and after making it contact, heat treatment for 5 minutes was carried out for the layer 
front face and the front face of Si substrate prepared independently at 1 180 degrees C, and lamination was performed. It 
set in the equipment which showed the compound member to drawing 7 , when water jet injection was performed on 
water pressure 1000 kgf7cm2 and conditions with a diameter of 0.15mm, the porosity Si layer fractured, the wafer was 
halved good and Porosity Si expressed [ two Si substrates ] it to the separation side. Then, selective etching of the 
porosity Si layer is carried out with the etching reagent of HF/H202 / C2H50H system. Selective etching of the porosity 
Si was carried out, and it was removed completely. The etch rate to this etching of a nonvesicular Si single crystal is very 
low, and the amount of etching in a nonvesicular layer can be disregarded practically. That is, the single crystal Si layer 
which had the thickness of 0.2 micrometers on Si oxide film has been formed. It was changeless in a single crystal Si 
layer in any way also by the selective etching of Porosity Si. 

[0116] In this way, the obtained SIO substrate was heat-treated in the hydrogen ambient atmosphere. 

[01 17] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 

introduced into Si layer, but it was checked that good crystallinity is maintained. The same result is obtained even if it 

does not form an oxide film in an epitaxial Si layer front face. 1st Si single crystal substrate removed the residual 

porosity Si, and in order to obtain one more SOI substrate, it used it as 1st Si single crystal substrate again. 

[01 18] In [example 2] this example, anodization is performed for the 1st single crystal (100) Si substrate of the diameter 

of 8 inch of the P type (or N type may be used) with the thickness of 625 micrometers of specific resistance 0.01 ohm-cm 

into HF solution, formation of anode plate-ized stratification ~ ****** wa s created so that the cross section of a field 

parallel to an electrode and the above-mentioned Si single crystal base might be changed with the twice [ about ] of the 

area of this Si base, and this was used. 

[01 19] The anodization conditions are as follows. 

[0120] formation - current: - 2.6 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: - 11 (minute) 



Thus, in the thickness of the center section of the porous layer first pass of the degassed base, the porosity of a center 
section became about 20% by about 12 microns. The porosity of the thickness of the porous layer of a periphery was 
30% in about 19 microns at the maximum, then, the first pass — formation — the second-layer formation is succeedingly 
performed on condition that the following the back. 
[0121] Current density: 8 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: - 2 (minute) 

When the second-layer formation was performed on the above conditions after first pass formation, the thickness of the 
center of the second layer became about 2 microns, and porosity became about 40%. However, in the periphery of a 
base, porosity is a maximum of about 55%, and the thickness is less than 2 microns. 

[0122] However, near the front face of the porous layer first pass, the difference with a center section or a periphery 
remarkable in the magnitude of a hole is not seen. This is very important when carrying out epitaxial growth of the single 
crystal of Si with few defects to the shape of a porous layer at a next process. 

[0123] This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The wall of the 
hole of Porosity Si was covered with this oxidation by the thermal oxidation film. Next, HF solution washes, and after 
heat-treating in a hydrogen ambient atmosphere, 0.3 micrometers grows a single crystal Si epitaxially with a CVD 
method on Porosity Si. The growth conditions were as follows. 

[0124] source gas: - SiH4 carrier gas: — H2 temperature: — 900-degree-C pressure: — lxlO-2Torr growth rate: — it 
formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation further 3.3 nm/sec. 
[0125] This Si02 Superposition and after making it contact, heat treatment for - 5 minutes is carried out for a layer front 
face and the front face of Si substrate prepared independently at 1 180 degrees C, and lamination is performed. In this 
way, the typical sectional view of the obtained compound member is shown in drawing 1 1 . As for the compound 
member, according to drawing 1 1 , 22 shows the condition of consisting a layer of the central part 33 and its 
circumference part 34 of 22 the central parts 35 and the circumference parts 36 of nothing and the porosity first pass 23, 
and the second layer of porosity, between the first base 1 and the second base 2, respectively an oxide film 6, the single 
crystal Si layer 4, the porosity first pass 23, and the second layer of porosity. 

[0126] When the wafer end face was made to express a porous layer, Porosity Si was etched to some extent and the sharp 
plate was inserted there like the cutting edge of a razor by this drawing 1 1 , the porosity Si layer fractured, the wafer was 
halved and Porosity Si expressed it. Then, selective etching of the porosity Si layer is carried out with the etching reagent 
of HF/H2 02 / C2H50H system. Selective etching of the porosity Si was carried out, and it was removed completely. 
The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, and the amount of etching in a 
nonvesicular layer is thickness reduction which can be disregarded practically. That is, the single crystal Si layer which 
had the thickness of 0.2 micrometers on Si oxide film has been formed. It was changeless in a single crystal Si layer in 
any way also by the selective etching of Porosity Si. In this way, the obtained SOI substrate was heat-treated in the 
hydrogen ambient atmosphere. 

[0127] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 
introduced into Si layer, but it was checked that good crystallinity is maintained. The same result was obtained even if it 
did not form an oxide film in the epitaxial Si layer front face. 1st Si single crystal substrate removed the residual porosity 
Si, and used it as 1st Si single crystal substrate again. 

[0128] In [example 3] this example, anodization was performed for the 1st single crystal (100) Si substrate of the 
diameter of 8 inch of the P type (or N type may be used) with the thickness of 625 micrometers of specific resistance 
0.01 ohm-cm into HF solution, formation of anode plate-ized stratification ~ ****** was created so that the cross 
section of a field parallel to an electrode and the above-mentioned Si single crystal base might be changed with the twice 
[ about ] of the area of this Si base, and this was used. 
[0129] The anodization conditions are as follows. 
[0130] formation - current: — 2.6 (A) 

anodization solution: ~ HF:H2 0:C2H50H=1:1:1 hour: - 11 (minute) 

thus, the thickness of the center section of the porous layer first pass of the degassed base ~ the porosity of a center 
section was [ the porosity of the thickness of the porous layer of a periphery ] 30% in about 19 microns at the maximum 
about 20% at about 12 microns, the first pass — formation — the second- layer formation was succeedingly performed on 
condition that the following the back. 
[0131] Current density: 8 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: - 2 (minute) 

When the second-layer formation was performed on the above conditions after first pass formation, the thickness of the 
center of the second layer was about 2 microns, and porosity was about 40%. However, in the periphery of a base, 
porosity was a maximum of about 55%, and the thickness was less than 2 microns. 

[0132] However, near the front face of the porous layer first pass, the difference with a center section or a periphery 
remarkable in the magnitude of a hole is not seen. This is very important when carrying out epitaxial growth of the single 



crystal of Si with few defects to the shape of a porous layer at a next process. 

[0133] This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The wall of the 
hole of Porosity Si was covered with this oxidation by the thermal oxidation film. HF solution washes, and after heat- 
treating in a hydrogen ambient atmosphere, 0.3 micrometers grows a single crystal Si epitaxially with a CVD method on 
Porosity Si. The growth conditions are as follows. 

[0134] source gas: - SiH4 carrier gas: - H2 temperature: - 900-degree-C pressure: - lxlO-2Torr growth rate: ~ it 
formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation further 3.3 nm/sec. 
[0135] This Si02 Superposition and after making it contact, heat treatment for 5 minutes is carried out for a layer front 
face and the front face of Si substrate prepared independently at 1 180 degrees C, and lamination is performed. In this 
way, a compound member like drawing 1 1 mentioned above was obtained. When water jet injection is carried out to a 
wafer side face on water pressure 300 kgf/cm2 and conditions with a diameter of 0.1mm, a porosity Si layer fractures, a 
wafer is halved very good and Porosity Si expresses it. Then, selective etching of the porosity Si layer is carried out with 
the etching reagent of HF/H202 / C2H50H system. Selective etching of the porosity Si was carried out, and it was 
removed completely. The etch rate to this etching reagent of a nonvesicular Si single crystal is very low, and the amount 
of etching in a nonvesicular layer is thickness reduction which can be disregarded practically. That is, the single crystal 
Si layer which had the thickness of 0.2 micrometers on Si oxide film has been formed. It was changeless in a single 
crystal Si layer in any way also by the selective etching of Porosity Si. In this way, the obtained SOI substrate was heat- 
treated in the hydrogen ambient atmosphere. 

[0136] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 
introduced into Si layer, but it was checked that good crystallinity is maintained. The same result was obtained even if it 
did not form an oxide film in the epitaxial Si layer front face. 1st Si single crystal substrate removed the residual porosity 
Si, and used it as 1st Si single crystal substrate again. 

[0137] In [example 4] this example, anodization was performed for the 1st single crystal (100) Si substrate of the 

diameter of 8 inch of the P type with the thickness of 625 micrometers of specific resistance 0.01 ohm-cm, or N type into 

HF solution, formation of anode plate-ized stratification ~ ****** was created so that the cross section of a field parallel 

to an electrode and the above-mentioned Si single crystal base might be changed with about 1 .3 times of the area of this 

Si base, and this was used. 

[0138] The anodization conditions are as follows. 

[0139] formation - current: - 2.6 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: ~ 11 (minute) 

Thus, the porosity of a center section of the thickness of the center section of the porous layer first pass of the degassed 
base was about 20% in about 6 microns. The porosity of the thickness of the porous layer of a periphery was 25% in 
about 8 microns at the maximum, the first pass - formation - the second-layer formation is succeedingly performed on 
condition that the following the back. 
[0140] Current density: 12 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: - 1 (minute) 

Near the front face of the porous layer first pass, the difference with a center section or a periphery remarkable in the 
magnitude of a hole is not seen. This is very important when carrying out epitaxial growth of the single crystal of Si 
which does not have a defect on a porous layer at a next process. 

[0141] This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The wall of the 
hole of Porosity Si was covered with this oxidation by the thermal oxidation film. HF solution washes, and after heat- 
treating in a hydrogen ambient atmosphere, 0.3-micrometer epitaxial growth of the single crystal Si was carried out with 
the CVD method on Porosity Si. The growth conditions are as follows. 

[0142] source gas: - SiH4 carrier gas: - H2 temperature: -- 900-degree-C pressure: - lxlO-2Torr growth rate: - it 
formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation further 3.3 nm/sec. 
[0143] Superposition and after making it contact, heat treatment for 5 minutes was carried out for this SiO two-layer 
front face and the front face of Si substrate prepared independently at 1 1 80 degrees C, and lamination was performed. If 
water jet injection is performed on water pressure 300 kgf/cm2 and conditions with a diameter of 0.1mm there, without 
making a wafer end face express a porous layer, and etching Porosity Si to some extent, a porosity Si layer fractures, a 
wafer will be halved very good and Porosity Si will express it. Then, selective etching of the porosity Si layer was 
carried out with the etching reagent of HF/H202 / C2H50H system. By time amount shorter than an example 3, 
selective etching of the porosity Si was carried out, and it was removed completely. The etch rate to this etching reagent 
of a nonvesicular Si single crystal is very low, and the amount of etching in a nonvesicular layer is thickness reduction 
which can be disregarded practically. That is, the single crystal Si layer which had the thickness of 0.2 micrometers on Si 
oxide film has been formed. It is changeless in a single crystal Si layer in any way also by the selective etching of 
Porosity Si. In this way, the obtained SOI substrate was heat-treated in the hydrogen ambient atmosphere. 
[0144] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 



introduced into Si layer, but it was checked that good crystallinity is maintained. The same result was obtained even if it 
did not form an oxide film in the epitaxial Si layer front face. 1st Si single crystal substrate removed the residual porosity 
Si, and used it as 1st Si single crystal substrate again. 

[0145] In [example 5] this example, anodization is performed for the 1st single crystal (100) Si substrate of the diameter 

of 8 inch of the P type (or N type may be used) with the thickness of 625 micrometers of specific resistance 0.01 ohm-cm 

into HF solution, formation of anode plate-ized stratification - ****** was created so that the cross section of a field 

parallel to an electrode and the above-mentioned Si single crystal base might be changed with about 1.3 times of the area 

of this Si base, and this was used. 

[0146] The anodization conditions are as follows. 

[0147] formation - current: - 2.6 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: - 11 (minute) 

Thus, for the thickness of the center section of the porous layer first pass of the degassed base, the porosity of a center 
section was [ about 8 microns and the porosity of the thickness of the porous layer of a periphery ] 25% at the maximum 
about 20% in about 6 microns, the first pass — formation - the second-layer formation was succeedingly performed on 
condition that the following the back. 
[0148] Current density: 12 (A) 

anodization solution: - HF:H2 0:C2H50H=1:1:1 hour: - 1 (minute) 

Near the front face of the porous layer first pass, the difference with a center section or a periphery remarkable in the 
magnitude of a hole is not seen. This is very important when carrying out epitaxial growth of the single crystal of Si with 
few defects on a porous layer at a next process. 

[0149] This substrate was oxidized at 400 degrees C among the oxygen ambient atmosphere for 1 hour. The wall of the 
hole of Porosity Si was covered with this oxidation by the thermal oxidation film. HF solution washes, and after heat- 
treating in a hydrogen ambient atmosphere, 0.3 -micrometer epitaxial growth of the single crystal Si was carried out with 
the CVD method on Porosity Si. The growth conditions were as follows. 

[0150] source gas: - SiH4 carrier gas: - H2 temperature: ~ 900-degree-C pressure: - lxlO-2Torr growth rate: — it 
formed lOOnm SiO two-layer in this epitaxial Si layer front face by thermal oxidation further 3.3 nm/sec. 
[0151] Superposition and after making it contact, heat treatment for 5 minutes is carried out for this SiO two-layer front 
face and the front face of Si substrate prepared independently at 1 180 degrees C, and lamination is performed. A wafer 
end face is made to express a porous layer, and Porosity Si is etched to some extent, in this way, it created - many - 
when the lamination base of several sheets was sunk into the tank of coincidence supersonic-wave irradiation equipment 
and the about 50kHz supersonic wave was irradiated, the porosity Si layer of all lamination bases broke, the wafer was 
halved at once and Porosity Si expressed it. Then, selective etching of the porosity Si layer is carried out with the etching 
reagent of HF/H202 / C2H50H system. By time amount shorter than an example 3, selective etching of the porosity Si 
is carried out, and it is removed completely. The etch rate to this etching reagent of a nonvesicular Si single crystal is 
very low, and the amount of etching in a nonvesicular layer is thickness reduction which can be disregarded practically. 
That is, the single crystal Si layer which had the thickness of 0.2 micrometers on Si oxide film has been formed. It is 
changeless in a single crystal Si layer in any way also by the selective etching of Porosity Si. 

[0152] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 
introduced into Si layer, but it was checked that good crystallinity is maintained. The same result was obtained even if it 
did not form an oxide film in the epitaxial Si layer front face. 1st Si single crystal substrate removed the residual porosity 
Si, and used it as 1st Si single crystal substrate again. 

[0153] In [example 6] this example, the oxide film (SI02 layer) of 200mn(s) was formed in the 1st single crystal Si 
substrate front face by thermal oxidation as an insulating layer. 

[0154] The first ion implantation was performed from the 1st substrate front face so that projection range might come 
into Si substrate here. Of this, the layer which works as an isolation region was formed in the place of the depth of 
projection range as a distortion layer by the very small air-bubbles layer or the impregnation ion kind high concentration 
layer. The ion implantation was again performed in the range of 10mm of peripheries of a substrate on the almost same 
conditions as the first time after this. Thereby, the ion injection rate of a periphery became twice [ about ] a center 
section. 

[0155] After the above-mentioned ion implantation and this Si02 The layer front face and the front face of 2nd Si 
substrate prepared independently were heat-treated at the temperature of 600 degrees C, after making it contact, 
superposition and, and lamination was performed. 

[0156] Holding in a core the lamination substrate formed as mentioned above, and rotating it around a medial axis, when 
water jet injection was performed on water pressure 300 kgf/cm2 and conditions with a diameter of 0.1mm in parallel 
with a lamination side from the periphery, said isolation region broke and the wafer was separated very good. 
[0157] Consequently, Si02 formed in the first base front face from the first The remaining part of a detached core 
remained in the 1st substrate front face on which a part of layer, surface single crystal layer, and detached core were 



transferred to the 2nd substrate side. The 2nd substrate of the account of Gokami of the above-mentioned separation was 
annealed at 1000 degrees C, CMP equipment ground and removed the detached core transferred on the 2nd substrate 
after that, and the front face was graduated. 

[0158] That is, the single crystal Si layer which had the thickness of 0.2 micrometers on Si oxide film can be formed. In 
this way, when the thickness of the single crystal Si layer formed on the done insulating layer was measured about the 
whole surface within a field in the 100-point location, the homogeneity of thickness was 201nm**7nm. 
[0159] As a result of the cross-section observation by the transmission electron microscope, a new crystal defect was not 
introduced into Si layer, but it was checked that good crystallinity is maintained. 

[0160] When it furthermore heat-treated at 1 100 degrees C in hydrogen for 1 hour and the atomic force microscope 
estimated surface roughness, the 2nd [ an average of] power granularity in the field of 50-micrometer angle was 
equivalent to Si wafer usually marketed by about 0.2nm. 

[0161] The same result is obtained, whether it forms an oxide film in the 2nd substrate front face instead of an epitaxial 
layer front face or forms in the both. 

[0162] Moreover, the detached core which remained in the 1st substrate side can be reproduced by etching and surface 
polish, surface treatment, such as hydrogen annealing, can be performed further if needed, and it can supply as the 2nd 
substrate as the 1st substrate again. 

[0163] Although this example is an example which relocates the surface field of Si wafer to the 2nd base through the 
detached core by the ion implantation from the first, it may transfer an epitaxial layer to the 2nd substrate through the 
detached core by the ion implantation using an epitaxial wafer. Moreover, it is a front face Si02 after the ion 
implantation of this example. After removing, an epitaxial layer is formed, and it is Si02 further. It may form, may go 
into a lamination process the back, and an epitaxial layer may be transferred to the 2nd substrate through the detached 
core by the ion implantation. As for the case of the latter, the surface field of Si wafer will also be relocated from the 
first. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical sectional view of the compound member by this invention. 
[Drawing 2] It is the plan of the compound member by this invention. 

[Drawing 3] The field internal division cloth of the mechanical strength of the compound member by this invention is 
shown. 

[Drawing 4] It is the state diagram which applies the anodization method used for this invention. 

[Drawing 5] It is the property Fig. of the porous body of the semi-conductor base by this invention. 

[Drawing 6] It is drawing showing the separation approach of the compound member by this invention. 

[Drawing 7] It is the conceptual diagram of water jet equipment. 

[Drawing 8] It is the sectional view of the compound member by this invention. 

[Drawing 9] porous thickness and formation — it is the property Fig. of a current. 

[Drawing 10] It is the property Fig. of the porosity of the second layer to the thickness of the first pass. 

[Drawing 11] It is the sectional view of the compound member by one example of this invention. 

[Drawing 12] It is drawing showing the production process of the conventional semi-conductor substrate. 

[Description of Notations] 

1 First Base 

2 Second Base 

3 Isolation Region 

4 Single Crystal Si Layer 

5 Lamination Interface 

6 Oxide Film 

1 1 Power Source 

12 Cathode 

13 Positive Electrode 

14 15 Wafer electrode holder 
16 Wafer 

21 First Base 

22 Second Layer of Porosity 

23 Porosity First Pass 

24 Single Crystal Si Layer 

25 Lamination Interface 

26 Oxide Film 

27 Second Base 

401 Semi-conductor Base 
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